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TABLE 1-1. 

SYMBOLS AND DEFINITIONS 


SECTION I 
INTRODUCTION 


This volume contains flow charts and analyse of all H3 1 6 instructions and the logic block diagrams 
for Types 316-01, 316-0100, and 316-0110. These types differ primarily in mechanical design and^ 
configuration. Type 316-0110 contains the improved memory module. Separate coverage is provided 
for the memory reference fetch cycle. The instructions are presented in groups (i.e., load and store, 
arithmetic, logical, etc.). For convenient reference, the mnemonic, number of cycles, and op code 
appear on each page. Symbols and abbreviations used in the flow charts are defined in Table 1-1. A 
function index is provided as an aid in determining function sources and definitions (Table 1-2). 


Signal Mnemonics 

The electrical characteristics of the computer circuits are called: passive (+6 vdc) and active (0 vdc). 
The logical functions are true (logic ONE) and false (lo^c ZERO). In general, there are two ways of 
relating the electrical characteristic and logical function for each signal mnemonic: 

a. An assertion signal (for example, AO 1FF+) is logically true when it is at +6 vdc and is 
logically false when it is at 0 vdc. 

b. A negation signal (for example, AO IFF-) is logically true when it is at 0 vdc and is 
logically false when it is at +6 vdc. 


Symixrf Definition 

A or . Logical AND 

V Logical OR 

-V- or ® Exclusive OR 

Replaces 

^ Is exchanged with 

X U discarded 

( ) Contents of a hardvsrare roister 

[EA] Contents of a core location specified by the 

effective operand address 
A A register 

ADB Address bus 

B B register 

C Carry flip-flop (CBITF) 

E E register 

EA Effective operand address; the address from 

which the operand is obtained 
F Flag (indirect address indicator) or F register 

INB Input bus 

IW Instruction word 

M M register 

N Two's complanent of number of shifts to 

be performed 
0TB Output bus 

P P register 

X X register 


A particular signal mnemonic can be labeled assertion or negation arbitrarily. The signal mnemonic 
convention uses the sixth character to specify assertion or negation. 
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TABLE 1-2. 
FUNCTION INDEX 


TABLE 1-2. (CONT) 
FUNCTION INDEX 


Mnemonic 

LBD No. 
(Signal Source) 

Definition 

ADDOF 

120-F7 

ADD op code 

ANAOP 

120-F2 

ANA (logical AND to A) op code 

AZERO 

126-P9 

A register equals zero, bits 1 through 1 6 

fKZZZZ 

125-E7 

A general control flip-flop 

BxxFF 

101-116-Ml 

B register flip-flop, bits 1 through 16 

BANKx 

138-A12 

Memory bank select A, B, C, or D 

BRICY 

134-A8 

BREAK and l-cycie 

BREAK 

134-G2 

BREAK flip-flop. Set by program interrupt, RTC, 

BRREQ 

134-Dl 

memory increment, or DMC operation, etc. 

BREAK request (sync-in to BREAK operation) 

CASOP 

120— M4 

CAS op code (compare A and SKIP) 

CASAM 

126-P6 

A01 FF equals M01 FF in CAS instruction 

CBITF 

124-P2 

C-bit flip-flop (arithmetic overflow, etc.) 

CHENx 

241 -B9 

Channel enable for DMA option (channels 1 

CHSLx 

241 -D3 

through 4) 

Channel select for DMA option (channels 1 

CLAIL 

130-K11 

through 4) 

Clear A register bit 1 (clock level) 

CLAMP 

141-M7 

Clear A register with manual pushbutton 

CLATL 

122-G6 

switch 

Clear A register, total (clock-level) 

CLATR 

122-K8 

Clear A register, total (clock-reset) 

CLBMP 

141-K7 

Clear B register with manual pushbutton 

CLBTR 

123-M6 

switch 

Clear B register, total (clock-reset) 

CLCHS 

241 -J5 

Clear DMA channel select flip-flops 

CLDTR 

125-K5 

(clock-reset) 

Clear D register to ONEs, total (clock-reset) 

CLETR 

125-K2 

Clear E register to ONEs, total (clock-reset) 

CLFTL 

125-K8 

Clear F register, total (clock-level) 

CLLTR 

241 -LI 0 

Clear L register, DMA option, total 

CLMMP 

141-C7 

(clock-reset) 

Clear M register with manual pushbutton switch 

CLMTR 

128-P9 

Clear M register, total (clock-r^et) 

CLPIL 

134-P6 

Clear program interrupt and memory increment 

CLPMP 

141-E7 

request lines 

Clear P and Y registers with manual pu^- 

CLPTR 

1 29-MI 0 

button switch 

Clear P register, total (clock-reset) 

CLRDR 

126-L1 

Clear D register when master clock oscillator 

CLRF5 

134-G8 

has stopped 

Clear but 5 of F register on proyam interrupt 

CLSEX 

134-P8 

Clear single execute (program interrupt and 

CLSZR 

262-H9 

memory increment) request flip-flops 

Clear sector zero relocation 

CLXTR 

128-M8 

Clear X register, total (clock-reset) 

CLYTR 

129-P3 

Clear Y register, total (clock-r«et) 

CLZTL 

241 -L5 

Clear Z register (DMA option) total (clock -level) 

CM EXT 

136-HM 

Clear extended addressing mode 

CMK09 

122-P8 

Clear mask flip-flops for OTK instruction 

CMKXX 

134-G10 

Clear mask, I/O control pulse 

COXXX 

150-D2 

Memory cycle initiate flip-flop 

DOODJ 

130-D1 

Fictitious DOO bit to take care of right shift 

DOOFF 

130-K8 

end effects 

DOO control flip-flop, extension of D regista" 

DxxFF 

101-1 16-G11 

D roister flip=flops, bits 1 through 16 


Mnemonic 

LBD No. 
(Signal Source) 

Definition 

OxxPA 

101-116-05 

Adder input OR gates (G&H), bits 1 through 16 

OCPLS 

134-K11 

Output control pulse 

OCPRC 

147-F3 

Output control pulse, real-time clock 

OPGOO 

120-F5 

Op group 00 

OPG3C 

120-P5 

Op group for three cycle instructions 
(JST v i RS V CAS V IMA v LDX v 

DOUBLE PRECISION) 

OPGAA 

127-G9 

Op group, A-cycle utilization of A register 

OPGDP 

124-E9 

Op group, double precision arithmetic 
operation (ADD v SUB v LDA v ST A) 

OPGJS 

129-P1 1 

Op group, jump or skip (JMP v JST v 1 RS v 
(SKIP ENABLED)) 

OPGMD 

123-B7 

Op group, multiply or divide (MPY v DIV) 

OPGNS 

125-A12 

Op group, negative sum. Control ENSHL/ 

ENSLL for subtractive process (SUB v IRS 

V CASAM) 

OPGSM 

128-A12 

Op group, sum to M register control 
(STA V IMA V LDX V STX) 

OPGWR 

126-G8 

Op group, write/read control (STA v IMA v 
LDXvSTXvIRSv JST) 

OTBxx 

138-XX 

Output bus, bits 1 through 16 

OTPMA 

240-H6 

Output transfer pulse, DMA option 

lOGRP 

120-P3 

Op group, I/O group 

IAD61 

135-F2 

Interrupt address 61 (RTC location (X)061) 

IAD63 

135-F7 

Interrupt address 63 (Standard interrupt 
location 00063) 

IADX2 

135-F5 

Interrupt address, location 00XX1 through 

00XX7 

ICYEF 

119-G8 

l-cycle early flip-flop (Indirect address) 

ICYLF 

119-N8 

1 -cycle late flip-flop ( 1 ndirect address) 

ICYS1 

263-E7 

l-cycle and sector zero not selected 

IGxxx 

200-XX 

Interrupt address greater than 063 or 067 
or 077 or 107 or 117 or 127 or 137 
(as applicable) 

IMAOP 

120-J2 

IMA op code 

INBxx 

101-1 16-F4 

Input bus, bits 1 through 16 

INCSC 

126-P5 

Increment shift counter if not OOs 

mOM. 

132-XX 

Console Indicator lamp drivers, bits 1 through 1 6 

INHPF 

135-K1 

Inhibit power failure interrupt 

INKOP 

122-P9 

INK op code 

INSTR 

241 -L2 

Input strobe, DMA option 

IRSOP 

120-M3 

1 RS op code 

IYBj^ 

223-XX, 

Input-to-Y bus, bits 2 through 16. DMC option. 


135-XX 

and program interrupt 

AxxFF 

101-1 16-M5 

A roister flip-flops, bits 1 through 16 

AOOFF 

124-P5 

AOO flip-flop 

A0QM1 

124-L8 

AOOFF equals M01FF 

A1QA2 

126-B4 

A01 FF equals A02FF, normalize signal 

ACKAx 

241 -B4 

Acknowl^ge for DMA channels 1 through 4 

ACKPF 

135-F1 

Acknowledge for power failure interrupt 

ACKRC 

135-F4 

Acknowledge for real-time clock 

ACTxx 

244-XX 

DMA address count bits 1 through 1 6 

ACYEF 

119-G5 

A-cycle early flip-flop 

ACYLF 

119-N6 

A-cycle late flip-flop 

ACYNX 

129-F1 

A-cycle is next main frame cycle 

ADB)« 

138-XX 

Addres bus, bits 7 through 1 6 
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TABLE 1-2. (CONT) 
FUNCTION INDEX 


TABLE 1-2. (CONT) 
FUNCTION INDEX 


Mnemonic 

LBD No. 
(Signal Source) 

Definition 

EDAIL 

130-K10 

Enable D roister to A register, bit 1 (clock- 
level) 

EDAHS 

122-PI 

Enable D register to A register, bits 1 through 

8 (clock-set) 

EDALS 

122-P3 

Enable D register to A register, bits 9 through 

16 (clock-set) 

EDBTS 

123-P2 

Enable D register to B register, bits 1 through 

16 (clock-set) 

EDM^ 

101-1 16-K8 

Enable D register to M register, bits 1 through 

16 (DJswith ESM- gates). 

EDMAY 

241 -L3 

Enable DMA bus (address count or Z register) to 

Y register, bits 1 through 16 (clock-set) 

EDMTS 

128-K12 

Enable D register to M register, bits 1 through 



16 (clock-set) 

EDPTR 

129-J9 

Enable D register to P register (clock-level) 

EDPTS 

129-P9 

Enable D roister to P register, bits 1 through 

16 (clock-set) 

EDYTS 

129-PI 

Enable D register to Y roister, bits 1 through 

16 (clock-set) 

EEALS 

122-K6 

Enable E register to A register, bits 1 1 
through 16 (clock-set) 

EEATS 

122-P4 

Enable E register to A register, bits 1 through 

TO (clock-set) 

EMCxx 

121-X11 

Enable M register to shift counter, bits 1 1 
through 16, respectively. 

EMCTL 

125-P12 

Enable M regist^ to shift counter, bits 1 1 
through 16 (clock-level) 

EMFTL 

128-P4 

Enable M register to F roister, bits 3 through 

6 (clock-level) 

EMSHL 

127-P9 

Enable M register to sum network, bits 1 
through 7 (dock-level) 

EMSLL 

127-PI 1 

Enable M register to sum network, bits 8 through 

16 (clock-level) 

EMXTS 

128-P7 

Enable M register to X register, bits 1 through 

16 (clock-set) 

ENSHL 

127-P8 

Enable M register (negation) to sum network, 
bits 1 through 7 (clock-level) 

ENSKI 

150-K2,3 

Selection Sink Enable Pulse 

ENSLL 

127-P7 

Enable M roister (negation) to sum network, 
bi^ 8 through 16 (clock-level) 

ENTRA 

141-M2 

Enter A register (manual console op) 

ENTRB 

141 -K2 

Enter B roister (manual console op) 

ENTRM 

141-B2 

Enter M register (manual console op) 

ENTRP 

141-E2 

Enter P regist^ (manual console op) 

ENYSW 

150-K4,5 

Digit Selection Switch Enable Pulse 

EPARB 

133-D3 

Memory parity error strobe 

EPSLL 

128-K4 

Enable P register to sum network, bits 3 through 

1 6 and enable M register bits 1 and 2 to sum 
network (clock-ievel) 

EPYTS 

129-P4 

Enable P register to Y register, bits 1 through 

16 (clodc-set) 

ERAOP 

120-PI 

ERA op code (exclusive OR to A) 

ERLAX 

259-XX 

End of range for DMA 

ERLXX 

222-L11 

End of range line for DMC 

ESDTS 

125-M4 

Enable adder sum to D roister, bits 1 through 

16 (clock-set) 

ESMTS 

128-Gll 

Enable sum network input to M roister, bits 1 
through 1 6 (dock-set) 


Mnemonic 

LBD No. 
(Signal Source) 

Definition 

DOGFF 

124-P9 

Divide termination control flip-flop for arith- 
metic option 

D17DJ 

130-G4 

Fictitious D17 bit (end effect) of left shift 

DILAx 

745-F8 

Device Interruot line. DMA channels 1 through 4 

DIQAZ 

123-B3 

DOl FF equals P<LZ7Z flip-flop 

DIVOP 

120-J6 

DIV op code 

DALEN 

224- 

DMC ^dress line enable 

DCY2X 

221-D10 

DMC cycle 2 

DCY3X 

221 -K5 

DMC cycle 3 

DCYXX 

221 -BIO 

DMC cycle 1 , 2, and 3 

DGONE 

126-D9 

D register equals zero, bits 1 through 16 

DMAIN 

259-XX 

DMA input mode 

DMACY 

241 -L7 

DMA cycle 

DMARQ 

241 -B5 

DMA request 

DMAWR 

241 -G9 

DMA write/read control 

DMCCY 

138-B11 

DMC cycle 1 , 2, 3, and 4 

DMCRQ 

220-F6 

DMC request 

DMCRR 

221-F2 

DMC reset ready line 

DMCWR 

221-L2 

DMC write/read control 

DPOLX 

124-PI 2 

Double precision or LDX op code 

DPMOD 

124-BlO 

Double precision mode flip-flop 

DRFLP 

125-E10 

Data ready flip-flop 

DRLIN 

342- 

Device ready line 

DSPLO 

141 -G4 

Display operating indicators 

DSPLA 

141-M4 

Display A register 

DSPLB 

141-K4 

Display B register 

DSPLM 

141-C4 

Display M register 

DSPLX 

141-K7 

Display X register 

DSPLY 

141-E4 

Display Y register 

ExxFF 

101-1 16-P2 

E register flip-flops, bits 1 through 16 

EOINS 

119-G2 

End of instruction 

EOADJ 

130-E10 

Fictitious E register bit for shift end effect 

EOBDJ 

130-H1 

Fictitious E register bit for shift end effect 

EOCDJ 

130-D8 

Fictitious E register bit for shift end effect 

EODDJ 

130-D11 

Fictitious E register bit for shift end effect 

EOY16 

124-L9 

Enable zero to Y-register, bit 16 

EICHL 

125-H10 

Enable ONE to shift counter bit 1 1 (clock-level) 

EICTS 

125-K9 

Enable ONEs to shift counter, total (clock-set) 

EIDTS 

125-P6 

Enable Input bus to D register, bits 1 through 

16 (clock-set) 

EIK17 

127-P5 

Enable 1 carry-in from fictitious bit 1 7 (end 
inject carry) 

EIYHS 

129-P6 

Enable 1 YB, bits 2 through 9, to Y register 
(clock-set) 

EIYLS 

129-P5 

Enable lYB, bits 10 through 16, to Y register 
(clock-set) 

E40SC 

121 -C2 

Enable 40 (octal) to shift counter. Setup for 

NRM instruction 

E57SC 

124-J3 

Enable 57 (octal) to shift counter. Setup for 

01^ Instruction 

E70SC 

124-H3 

Enable 70 (octal) to shift counter. Setup for 

MPY instruction 

EASTL 

127-PI 

Enable A register to sum network, bits 1 through 

16 (clock -level) 

EBETS 

125-MI 

Enable B register to E register, bits 1 through 

16 (dock-set) 

ECETS 

125-M3 

Enable shift counter to E register, bits 1 1 
through 1 6 (clock -set) 
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TABLE 1-2. (CONTI 
FUNCTION INDEX 


Mnemonic 

LBD No. 
(Signal Sourcel 

Definition 

ETAHS 

122-P6 

Enable transposed D register, bits 9 through 

ETALS 

122-P7 

16 into A register, bits 1 through 8 
(clock-setl 

Enable transposed D register, bits 1 through 

EXSTL 

128-P5 

8 into A register, bits 9 through 16 
(clock-set) 

Enable X register to sum network, bits 1 through 

EXTMD 

136-Hl 

16 (clock -level I 

Extended addressing mode flip-flop 

EYSHL 

128-P3 

Enable Y register to sum network, bits 1 through 

EYSLL 

128-P2 

7 (clock -level) 

Enable Y register to sum network, bits 8 through 

EYZTL 

241 -L6 

16 (clock-level) 

Enable Y roister to Z register, bits 1 through 

EZYTL 

241 -J7 

1 6 (clock-level) 

Enable Z register to Y register via ACT - + - 

FOICY 

119-A8 

lines, bits 1 through 16 (clock-level) 

F or 1 cycle control flip-flops are set 

FOxFF 

120-CX 

Function register, bits 3 through 6 

FCXOO 

134-D12 

Function control indicating address bus lines 

FCYEF 

119-G10 

08, 09, 10, and 14 are all zero 

F-cycle early flip-flop 

FCYLF 

119-N10 

F-cycle late flip-flop 

FCYM2 

136-F4 

F-cycle/M02FF (tag store flip-flop for 

FCYSO 

127-G10 

extended addressing mode) 

F-cycle sector zero specified in memory 

GxxDJ 

101-116-C5 

reference instruction addre^lng 

Adder network input (A v X), bits 1 through 16, 

GENOA 

120-P1 1 

respectively 

Generic operation, class A 

GENOB 

120-P9 

Generic operation, class B 

GENOP 

120-J11 

Generic operation 

HxxDJ 

101-1 16-C9 

Adder network input (M v P v Y v M — ), bits 1 

HOLDM 

128-M9 

through 16, respectively 

Hold M register contents (Inhibit CLMTR— ) 

JAMKN 

127-G4 

Jam carry network (suppress carries) 

JMPOP 

120-MI 

JMP op code 

JSTOP 

120-M2 

JST op code 

LDAOP 

120-F3 

LDA op code 

LMPRN 

132-C3 

Lamp, run indicator 

LMRxx 

153-161- 

Selection Switch Discharge Resistor Line 

LSXOP 

E5. 11 

120-P2 

Load/store X register op code 

LXACY 

263-D9 

Load X register/A-cycle 

MxxFF 

101-1 16-M8 

M register, bits 1 through 1 6 

M01ML 

262-K7 

M01 control from memory lockout 

M02DJ 

136-H5 

M02 DJ gates for extended addressing 

M17FF 

133-K10 

Parity bit flip-flop of memory parity option 

M5G4G 

123-G2 

Minterm control in DP and lAB instructions 

MACYL 

128-D2 

Multiply control in A-cycle 


Mnemonic 

LBD No. 
(Signal ^urce) 

Definition 

MADFF 

124-P7 

Multiply and divide control flip-flop 

MASTO 

141-G9 

Memory access, store mode 

MBSYL 

150-B2 

End of Memory Busy pulse 

MCRST 

118-G2 

Master clock, reset phase 

MCSET 

118-K3 

M^ter clock, set phase 

MCTLG 

118-P2 

Master clock, timing level generator phase 

RJin AOA 


noxx/i-kiv/ A _i_ TPi o .. > 

sYsr I /ui V upuuii, : a_^, cunuru; 

minterm A 


MDA2C 

123-G10 

MPY/DIV option, A-cycle, TL2, control 
minterm C 

MDG2E 

123-02 

MPY/DIV option, timing level 2, control 
minterm E 

MDG4D 

123-G7 

MPY/DIV option, timing level 4, conh'ol 
minterm D 

MDOIXto 

153 to 161 

Memory data output signals 

MD17X 

C4,5 


MDSLA 

122-E8 

MPY/DIV option, shift left A register 

MDSRA 

123-G8 

MPY/DIV option, shift right A register 

MELOV 

262-K3 

Memory lockout violation flip-flop 

MEMAC 

141 -H8 

Memory access mode control 

MEMCI 

126-K12 

Memory cycle initiate 

MFG2E 

122-D12 

Main frame, general cycle, TL2, minterm E 

MMxxx 

142-XX 

Memory to M register data bits 1 through 16, 
from memory bank A through D and 
combinations 

MPAFF 

133-J3 

Memory parity mask flip-flop 

MPEFF 

133-J7 

Memory parity error flip-flop 

MPYOP 

120-F5 

MPY op code 

MSTCL 

141-C11 

Master clear (overall initialization) 

NjgcPA 

101-1 16-D9 

Adder network Input AND gates (G a H), bits 1 
throu^ 16, respectively 

NOSTO 

262-D3 

No store. Protected memory area is being 
accessed. 

NRMOP 

128-D1 

NRM op code 

PxxFF 

101-1 16-M1 1 

P register flip-flops, bits 1 through 16 

PO^BS 

136-D5 

P02 storage flip-flop for bank control 
extended addressing 

PI LOO 

133-L6 

Program interrupt line 00 (standard) 

PIREQ 

143-XX 

Program interrupt request 

PISEX 

134-B1 

Prog-am interrupt or single execute request 

PAGED 

133-A2 

Parity generator output 

PAMEO 

133- A3 

Parity memory bit output 

PARCK 

143-B4 

Parity check indicator from I/O 

PERMI 

134-G4 

Permit Interrupt flip-flop 

PFINT 

135-H11 

Power failure interrupt signal 

PFHLT 

141-K8 

Power failure halt mode control 

PMIND 

136-K1 

Previous mode indicator flip-flop for 
extended-addr^lng mode 

PROT:j 

264-XX 

Accessing protected sector 0 through 3 

00-07 or 40-47 

10-17 or 50-57 

20-27 or 60-67 

30-37 or 70-77 

RxxPA 

101-1 16-D7 

Adder network or gates (G v H— ), bits 1 through 

16, respectively 

READY 

141-L10 

Prestart signal from console pudibutton switch 
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Mnemonic 

(Signal Source) 

Definition 

REMOK 

123-B2 

Remainder OK to terminate divide 

RESTR 

262-F5 

Restricted mode flip-flop for memory 

RPTT2 

126-G5 

lockout option 

Repeat TL2 timing level 

RRCXX 

126-P8 

Read-regenerate cycle control to memory 

RRLIN 

134-M10 

Reset ready line signal to I/O device 

RSKA1 

150-E2 

Selection sink read command timing pulse 

RTCAD 

147-F9 

Real-time clock address decoder 

RTCLK 

147-H2 

Real-time clock service request 

RUNFF 

126-M3 

RUN control flip-flop 

RUNMD 

141-Ell 

RUN mode console switch control 

SxxCx 

117-XX 

Sum network outputs from carry gating, bits 1 



through 1 6, respectively 

SCxxF 

121-X7 

Shift counter flip-flops, bits 1 1 through 16 

SCQ70 

121-M2 

Shift counter equals octal 70 

SCQ77 

121-M3 

Shift counter equals octal 77 

SCZRO 

121-M4 

Shift counter equals zero 

SCZR1 

121-P3 

Shift counter equals zero or minus one (77) 

SOARS 

123-PlO 

Shift (double) A register, right shift (clock-set) 

SDBRS 

123-P9 

Shift (double) B register, right shift (clock-set) 

SDBxx 

130-AXX 

End effects for SDBRS to B register, bits 1 and 2 

SDRxx 

140-X7 

Set data register, bits 1 through 16, from console 

SEC^ 

272-xx 

pushbutton switches 

Swtor (00-77) is unprotected in memory lockout 

SENSx 

140-X10 

option ' 

Sense switches on console, 1 through 4, 

SETAO 

125-C10 

respectively 

Set AOOFF control signal 

SETAZ 

125-M7 

Set AZZZZ control signal 

SETF5 

134-G7 

Set bit 5 of register for memory increment 

SEXOO 

135-DlO 

Standard interrupt priority network flip-flop 

SEXLV 

135-D7 

Memory lockout violation interrupt priority 

SEXPF 

135-D1 

network flip-flop 

Power failure interrupt priority network flip-flop 

SEXRC 

135-D4 

Real-time clock service request priority network 

SEXRQ 

200-XX 

flip-flop 

Single execute memory increment request 

SEXTF 

136-G2 

Extended addressing mode flip-flop 

SHAOP 

120-P8 

Shift A register op code 

SHASC 

120-P7 

Shift A register arxl shift counter do not equal zero 

SKGRP 

120-P6 

Skip group op code 

SLATS 

122-PI 1 

Shift left to A register (clock-set) 

SLBTS 

123-P4 

Shift left to B roister (clock-«t) 

SMK01 

134-K12 

Set mask group No. 1 (standard devices) 

SMK09 

122-M10 

Set mask group No. 9 (OTK instruction) 

SMKXX 

134-D9 

Set mask general output strobe 

SMPIL 

135-H2 

Sample program interrupt lines 

SPMOD 

135-MI 

Single pulse mode control (service jumper) 

SRATS 

122-PI 2 

Shift right to A register (clock-set) 

SRBTS 

123-PS 

Shift right to B roister (clock-set) 

SRSTL 

128-K1 

Shift right from A register to sum network 

STAOP 

120-F9 

(clock -level) 

ST A op code 

START 

141-L9 

Start pushbutton switch release 

STEPP 

141-GlO 

Step P register in MEM AC mode 

STEXT 

136-H9 

Set extended addressing mode 

SUBOP 

120-F6 

SUP op code 

SW01 to 
SW17 

(Core stack) 

Sense amplifier core stack sense winding inputs 


Mnemonic 

LBD No. 
(Si^Kii Source) 

Definition 

TL13F 

118-05 

Timing level mid-TLI through mid-TL3 

TL1FF 

118-K11 

Timing level TL1 

TL23F 

118-D8 

Timing levpl mid-TL2 tiirou^ mid-TL3 

TL24F 

11S-D10 

Timing level mid-TL2 throu^ mid-TL4 

TL2FF 

118-KS 

Timing level TL2 

TL3FF 

118-K7 

Timing level TL3 

TL4FF 

118-K5 

Timing level TL4 

TLATE 

118-A8 

Timing level, late, TL2 and TL3 inclusive 

vACiX) 

148-E9 

0 vac, transformer center tap 

VAC03 

148-E9 

3 vac, PFI transformer 

VDC06 


-6 vdc 

WRINH 

126-G10 

Write inhibit 

YxxFF 
Y04XX to 

101-1 16-P1 1 

Y register flip-flops, bits 1 through 16 

Y16XX 

104-116-L10 

Double rail memory address signals 





SECTION n 

FLOW CHARTS/INSTRUCTION ANALYSES 


The instruction analy^s are detailed presentations of some key signals generated within the Central 
Processor unit (CPU) from the time an instruction operation code is recognized until the execution 
is complete and the next instruction’s fetch cycle is initiated. The instruction fetch cycle and I-cycle 
are coverea on pages z-z ana z-j. inciudeu in aii analysis aic uic utiamiai-iv/ii, aiit* 

description of the signal. The location of the logic making up the signal is also given. Within each 
instruction class, the definitions of Instruction Analyses are presented in alphabetical order of their 
mnemonic code as follows: 


CODE INSTRUCTION 


CODE INSTRUCTION 


Generic 


Monory Reference 


ACA Add C to A 

AOA Add ONE to A 

CAL Clear Left Half 

CAR Clear Ri^t Half 

CHS Complem«it A Sign 

CMA Complement A 

CRA Clear A register 

CSA Copy Sign and Set Sign Plus 

ENB Enable Program Interrupt 

HLT Halt 

I AB Interchange A and B 

ICA Interchange Halves 

ICL Interchange and Clear Left Half 

ICR Interchange and Clear Right Half 

INH Inhibit Program Interrupt 

INK Input Keys 

NOP No Operation 

OTK Output Keys 

RCB Reset C to ZERO 

SCB Set C to ONE 

S- (Skip Group) 

SSM Set Sign Minus 

^P Set Sign Plus 

TCA Two's Complement A 

Input-Output 

INA Input to A 

OCP Ou^t Control Pulse 

OTA Output from A 

^K Set Mask 

SKS %ip if Sense Line ^t 


ADD 

ANA 

CAS 

ERA 

IMA 

IRS 

JMP 

JST 

LDA 

LDX 

STA 

STX 

SUB 


Add 

Logical AND 
Compare 
Exclusive OR 

Interchange memory and A 
Increment, Replace, and Skip 
Unconditional Jump 
Jump and Store Location 
Load A 

Load Index Register 
Store A 

Store Index Register 
Subtract 


Extended Addressing 


EXA Enable Extended Addressing 

DXA Disable Extended Addressing 


Memory Parity 


RMP Reset Memory Parity 


Shift 

ALR Logical Left Rotate 

ALS Arithmetic Left Shift 

ARR Logical Right Rotate 

ARS Arithmetic Right Shift 

LGL Logical Left Shift 

LGR Logical Ri^t Shift 

LLL Long Left Logical Shift 

LLR Long Left Rotate 

LLS Long Arithmetic Left Shift 

LRL Long Right Logical Shift 

LRR Long Right Rotate 

LRS Long Aritiimetic Right Shift 


The flow charts summarize the ^quence of events that occur within the CPU during the execution of 
each instruction. The flow charts are easy to use if the reader applies the following general analysis. 

With reference to the Clear A (CRA) flow chart, note that to the left of each box is an alphanumeric 
(such as Tl) and columns of letter codes (such as R, L, S). The alphanumeric is the time during which 
operations within the horizontal dashed Ihies occur. ITie letter codes specify whether the functions in 
the same horizontal plane are levels (L), controlled by the reset clock MCRST (R), or controlled by 
the set clock MCSET (S). 

The information within a box is in abbreviated text form, that is to say that certain key phrases have 
been replaced with symbology. An example is 0 ->■ (M), which means that the contents of the M 
register is replaced with zeros (cleared). Another method of clearing registers used in the H3 16 is 



zeros. 


The mnemonics to the right of the box are the signals that implement the operation described in the 
box. In the case of 0 (M), it is clear M register totally on reset clock (CLMTR—) which causes the 

register to be cleared. 

In some cases, mnemonics are deliberately omitted from the flow chart for simphcity. In these cases, 
reference to the analyses of instructions is required. 
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Memory Reference F-Cyde (excluding JMP) 
instiiiction: 



Op Code: 


Type: 





fZ 




^DDI 

JESS 



F 

T e 


zzi 



tiJ 




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Description: Execution Time (/is): 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

{FCYEF+)(TLATE-) 

128-G3 

101-116-A9 

Enable P register to 









adder 

EIK17- 

127-P5 

F 

TLATE 

L 

(TLATE+) 

127-K6 

116- F7/F9 

117- A1 

Force carry to adder 

CLMTR- 

128-P9 

F 

TL1 

R 

{MCRST+){HOLDM-}{TL1FF+) 

128-P9 

101-1 16-L9 

Clear M register 

CLDTR- 

125--K5 

F 

TL1 

R 

(ICYEF-)(ACYEF-)(TLll=F+) 

125-A6 

101-116-F11 

Clear D register to 






{MCRST+) 



ONES 

CLFTL- 

125-K8 

F 

TL1 

L 

{ICYEF-}(ACYEF-)(TL1FF+) 

125-A6 

120-A1 

Clear F register 








121-A5 

Clear shift counter 








125-D8 

Clear AZZZZ FF 








124-N6 

Clear MAD FF 








124-N8 

Clear DOG FF 

ESDTS+ 

125-M4 

F 

TL1 

S 

{ICYEF-)(ACYEF-)(TL1FF+) 

125-A5 

101-1 16-F5- 

Enable adder sum to 






{MCSET+) 


F9 

D register 

CLSEX+ 

134-P8 

F 

TL1 

L 

(TL1FF+){ICYEF-) 

134-L8 

135-G8 

Clear single execute FF 

MMnnF- 

142 




(SWnn±){STRB-) 

80.04 

101-1 16-H8 

Memory data set into 









M register 

CLPTR- 

129-M10 

F 

TL2 

R 

(EDPTR+)(MCRST+) 

129-L10 

101-1 16-L12 

Clear P register 

EDPTS+ 

129-P9 

F 

TL2 

S 

(EDPTR+)(MCSET+) 

129-L9 

101-116-J11 

Enable D register into 









P register 

EMFTL+ 

128-P4 

F 

TLATE 

L 

(M07FF-)(MEMAC-}(FCYLF+) 

127-F10 

120-A2 

Enable M{3-6) into F{3-6) 






(TLATE+)(GENOP-) or 


136-B4 

Bank switching control 






(M07FF+)(MEMAC-)(FCYLF+) 

128-K3 

136-D3 







(TLATE+){GENOP-) 




EMFTL- 

128-K3 

F 

TLATE 

L 

See EMFTL+ 

128-J3 

127-L9 

Generate EMSLL+ 

EXSTL+ 

128-P5 

F 

TLATE 

L 

(FOICY+)(TLATE+)(M02FF+) 

128-K6 

101-1 16-A5 

Enable X register to 






(GENOP-)(MEMAC-) 

(M03FF+ or M04FF+or 

M05FF- or M06FF+) 



adder 

EMSHL+ 

127-P9 

F 

TLATE 

L 

(M07FF-)(MEMAC-){FCYLF+) 

127-F10 

101-1 07 -A9 

Enable M{1-7) to adder 






(TLATE+)(GENOP-) 




EMSLL+ 

127-P1 1 

F 

TLATE 

L 

(EMFTL-) 

128-K3 

108-1 16-A9 

Enable M|8-16) to adder 

ENSHL+ 

127-P8 

F 

TLATE 

L 

(M07FF-){MEMAC-)(FCYLF+) 

127-F9 

101-107-A10 

Enable M-(1-7) to adder 






{TLATE+)(GENOP-) 




EYSHL+ 

128-P3 

F 

TLATE 

L 

{FCYLF+)(TLATE+)(GENOP+) 

128-J3 

101 -107 -A1 2 

Enable Y register (1-7) 






(MEMAC-)(M07FF+) 



to adder 

CLDTR- 

125-K5 

F 

TL3 

R 

(ANA0P-)(TL3FF+)(MCRST+} or 

125-B7 

101-116-F11 

Clear D register to ONEs 






{ACYLF-)(TL3FF+)(MCRST+) 

125-B6 



ESDTS+ 

125-M4 

F 

TL3 

S 

(IOGRP-)(TL3FF+) 

125-B5/ 

101-116-F5- 

Enable adder sum to 







H5 

F9 

D register 

CLYTR- 

129-P3 

F 

TL4 

R 

(ACYLF-){TL4FF+) 

129-El, 

101-116-N12 

Clear Y register 






(MCRST+) 

H3,N3 



EDYTS+ 

129-PI 

F 

TL4 

S 

(ACYNX-)(MCSET+)(TL4FF+) 

129-MI 

101-1 16- J10 

Enable D register into 






(BRREQ-)(PISEX+) 



Y register 

MEMCI+ 

126-K12 

F 

TL1 

L 

(TL1FF+) (IGACY+) (SPMOD-) 

126-F12 

150-A2 

Enable start memory 


NOTE: MISSING SIGNALS CAN BE 

FOUND IN F-CYCLE ANALYSIS 


MEMORY REFERENCE 
F-CYCLE 

(EXCLUDING JMP) 
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aRF5-, 

BRICY- 


STANDARD l-CVaE 


Standard l-Cycle With Breaks 
Instruction: 


OP Code: Type: 


1 2 3 4 5 6 7 


1 ! I I ! i L- 1 I 

8 9 10 11 12 13 14 15 16 


Description: 


Execution Time (|is}: 


Signal 

Origin 

Cyc 

Tim 

Clk 

Si^a! Cciiipoiiciit 

Origin 

Destination 

' Operation 

EMSHL+ 

EMSLL+ 

EIK17- 

127-P9 
127-P1 1 
127-P5 

1 

TLATE 

L 

(ICYEF-) 

(ICYEF-) 

(TLATE-) 

127-N11 

127-N10 

127-K6 

101-107-A9 
108-1 16-A9 
116-F7/F9 

Enable M(1-7) to adder 
Enable M{8-16) to adder 
Force carry to adder 

CLRF5+ 

134-G8 

1 

TL1 

L 

[{SEXRQ-) V(IG063-)]A 

134-A7/ 

134-F4 

Reset PERMI FF 

SETF5- 

134-G7 

1 

TL1 

L 

r(IAnR1-\/RRF&K^+\ 

(1CYEF+)(TL1FF+)]' 

[(SEXRQ+)(IG063+)V 

CS 

134-C8. 

1 2Q— C3 

120-C5 

• 1 1^9 1 . 

Set F register bit 5 

BRICY- 

134— AS 

! 

TL1 


(IAD61-)]A[(BREAK+) 

(ICYEF+)(TL1FF+)] 

{ B R EAK+} { ! CYE F+) (TLl F F-f) 

F7A7 

134-AS 

1^B1-B9 

Force F roister to 

CLMTR- 

128-P9 

1 

TL1 

R 

(MCRST+)(ACYEF-)(TL1 FF+) 

128-N9 

101-116-L9 

JSTOP- or IRSOF^ 
depending on F05 

Clear M registo* 

EICTS- 

125-K9 

1 

TL1 

S 

(BRICY+)(MCSET+){AZZZZ-) 

125-H9 

126-F5 

Generate RPTT2+ (Don't 

MMnnF- 

EXSTL+ 

142 

128-P5 


TLATE 

L 

(SWnn+)(STRB-) 

(ICYLF+)(F01CY+){TLATE+) 

80.04 

128-J6 

126-FlO 

121-A8 

101-1 16-H8 

101-1 16-A5 

care) 

SetWRINH FF 

Set shift counter to 77g 
Memory data set into 

M register 

Enable X roister to 

CLDTR- 

125-K5 

1 

TL3 

R 

(M02FF+)(GENOP-)(MEMAC-) 
(ACYLF- ) (TL3F F+) (MCRST+) 

125-B6 

101-116-F11 

adder 

Clear D register to 

ESDTS+ 

125-M4 

1 

TL3 

S 

{TL3FF+)(IOGRP-)(MCSET+) 

125-B5 

101-1 16-F5- 

ONES 

Enable adder sum to 

CLPTR 

129-M10 

1 

TL4 

R 

(OPGJS+) (EOINS+) (TL4FF+) 

129-E8 

F9 

101-116-L12 

D register 

Clear P register 

CLYTR- 

129-P3 


TL4 

R 

(MCRST+) 

(ACYNX-)(TL4FF+)(MCRST+) 

129-G1/ 

101-1 16-N12 

Clear Y register* 

EDPTS+ 

129-P9 


TL4 

S 

(QPGJS+) ( EOi NS+) (TL4FF+) 

HI 

129-E8 

101-1 16-J11 

Enable D register into 

EDYTS+ 

129-PI 


TL4 

S 

{MCSET+) 

[(MCSET+){TL4FF+) 

129-Ll/ 

101-116-J10 

P register 

Enable D register into 

EIYLS+ 

129-P5 


TL4 

S 

(ACYNX-}]A[(BRREQ-)V 

(DCYXX-)(EOINS-)] 

(TL4FF+)(BRRECH}A 

D5 

129-D5/ 

110-116-N12 

Y register 

Enable 1YB(10-16) into 

MEMCI+ 

126-K12 

1 

TLl 

L 

[(DCYXX-)(EOINS-)]-A 

{MCSET+) 

(IGACY+) (SPMOD-) (TLl FF+) 

F5 

126-F11 

150-A2 

Y(10-16) 

Enable memory cycle 

*Y registi 

vr changed ex 

cept w 

tien [(FOK 

:Y+)(i 

3REAK+)(BREAK+)(IRSOP+)] isTRU 

E 

































6 


ENTER A-CYCLE FROM INSTRUCTION WORD 
FETCH OR LAST INDIREa ADDRESS CYCLE 


L DEVELOP START MEMORY LEVEL 
R 0 -(M) 


ACYEF+ 


T2 


T2 

& 

T3 


CTLATE) 


STROBE 


[EA] ^(M) 


MEMCI+ 

CLMTR- 


MMnnF- 


T3 


1 

i 


EASTL+ 

EMSHL+ 

EMaL+ 

(A) « ADDER 

(M),_7 - adder 

fMl- , - - ADDER 
' '0*10 







1‘*- (D) 

ADDER - (D) 

aDTR- 

ESDTSf 







0 - (A) 

(P)9-16 6 

CLATR- 

EDAHSf 

EDALSf 

{■I 



C 


OVERFLOW? 
DOO / DOl 


T4 


> 


NO 


H CLEAR C-BIT 


YES 


SET C-BIT 


0 ^ (Y) 

(P) • 00 

SEl F-CYCLE ENTRY F-F 


CLYTR- 

EPYTSf 

FCYEF+ 


NEXT INSTRUCTION 
FETCH CYCLE 


ADD 

2 CYCLES 
OP CODE 06 


instruction: Add (ADD) 

OP Code: 06 Type: 

Description: (A) + [EA] A 
QVF^ (C) 



0 

T 1 

w 

w 

w 

M 

E 

0 

0 

A 

A 

A 

A 

A 

0 

A 

MR, 2 cycles 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Execution Time (/is): 3.2 


Signal 


Origin Cyc 


CLMTR- 

MMnnF- 

EASTL+ 

EMSHL+ 

EMSLL+ 

CLDTR- 

E3DTS+ 

CLATR- 

EDAHS+ 

EDALS+ 

CB1TF+ 

CB1TF- 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 


128-P9 * 
142 

127-PI 
127-P9 
127-P1 1 

125- K5 

Z.O — 

122-K8 

122-PI 

122-P3 

124-P2 

124-PI 

129-P3 

129-P4 

126- K12 
150-D2 


Tim Clk 


TL1 

TLATE 

TLATE 

TLATE 

TL3 

TL3 

TL4 

TL4 

TL4 

TL4 

TL4 

TL4 

TL4 

TL1 

TL1 


Signal Component 


(MCRST+)(HOLDM-)(TL1FF+) 

(SWnn±)(STRB-) 

(ADDOP+){ACYLF+) 

(TLATE+) 

{ ACYLF+) (TLATE+) (SUBOP- ) 
(OPGAA+) 

{ACYLF+)(TLATE+)(SUBOP-) 

{OPGAA+) 

(ANAOP-)(TL3FF+) 

(!OGRP-)(TL3FF+) 

(ACYLF+){OPGAA+)(TL4FF+) 
( ACY LF+) (OPGAA+) (TL4F F+) 

( ACY LF+) (OPGAA+) {TL4F F+) 

(ADDOP+){D00#D01) 

(ADDOP+)(DIVOP-)(TL4FF+) 

{MCRST) 

(SCZR0+)(TL4FF+)(MCRST+) 
(PISEX-){EOINS+)(OPGJS-) 
(TL1 FF+){SPMOD-)(IGACY+) 
(MEMCI+)(MBSYX-) 


Origin 


128-K8 

80.04 

127-A1./ 

Cl 

127-K9 

127-K9 

125-B7 

125-B5 

122-C2 

122-C2 

I 


Destination 


122-C2 
124- A3 
124-Al 


129-El/ 

H3 

129-D4 

126-F12 

J12 

150-A2 


101-116-L9 

101-116-A4 


101-116-A4 
101-107-A9 
OS— 116— A3 

101-116-F11 

101-1 16-F5- 
F9 

101-116-L6 

101-108-J7 

109-1 16-J7 

124-P2 

124-Ll 

101-116-N12 

101-116-L10 

150-A2 

150-D2 


Operation 


Clear IV! register 
Memory data set into 
M register 

Enable A register to 
adder 

Enable M register (1-7) 
to adder 


Clear D register to 
ONES 

Enable adder sum to 
D register 
Clear A register 
Enable D register to 
A(1-8) 

Enable D register to A(9-16) 
Set CB1TF 
Reset CB1TF 

Clear Y register 

Enable P register to 
Y register 

Enable memory cycle 
Start memory cycle 


2-4 








ENTER A-CVaE ROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CVaE 



0 - (A), 

0 - (Y) 





(P) 

- (Y) 

SET F-CYCLE ENTRY F-f 


CLATR-, aVTR- 
EDAHS<- 
EDALSf 
EPYTS+ 

FCYEF+ 


Instruction: Logical AND (ANA) 

OP Code: 03 Type: MR, 2 cycles 

Description: (A) A [EA] -»■ (A) 


MEMCI+ 

Signal 

Origin 

Cyc 

Tim 

CLMTR- j 

CLDTR- 

EIK17+ 

127-P5 

A 

TLl 

EASTL+, EIK17- 

CLMTR- 

128-P9 

A 

TL1 


CLDTR- 

125-K5 

A 

TLl 







EASTL+ 

127-PI 

A 

TLl 

MMnnF- 

ESDTS+ 

125-M4 

A 

tli 



MMnnF- 142 

EMSHL+ 127-P9 A TLATE 

EMSLL+ 127-P1 1 A TLATE 

ESDTS+ 125-M4 A TL3 

CLATR- 122-K8 A TL4 

EDAHS+ 122-Pl A TL4 

EDALS+ 122-P3 A TL4 

CLYTR- 129-P3 A TL4 

EPYTS+ 129-P4 A TL4 

MEMCI+ 126-K12 A TL1 

C0XXX+ 150-D2 TL1 


I 

1 2 3 

Signal Component 
(TLATE-) 

(MCRST+)(HOLDM-)(TL1FF+) 
(ACYEF+)(TL1 FF+)(JSTOP-) 
(IRSOP-)(IMAOP-) 

(ACYEF+) (TLATE- )(CASOt^) 
(LSXOP-)(IOGRP-) 
(ACYEF+)(TL1 FF+)(JSTOP-) 
(IRS0P-) (IMA0P-) 
(^nn±){STRB-) 

(ACYLF+)(TLATE+)(SUBOP-) 

(0PGAA+) 

(ACYLF+) (TLATE+) (SUBOP- ) 
(OPGAA+) 

(TL3FF+) ( lOG RP- ) (MCSET+) 

(ACYLF+){TL4FF+)(0PGAA+) 

(IMAOP-) 

(ACYLF+)(TL4FF+)(0PGAA+) 

(IMAOP-) 

(ACYLF+)(TL4FF+)(OPGAA+) 

(IMAOP-) 

(SCZR0-) 

(PISEX- ) (EOl NS+) (TL4F F+) 
(OPGJS-) 

(TL1FF+)(SPM0D-)(IGACY+) 

(MEMCI+)(MBSYX-) 


— ^ S I A I A I A I A I A I A I A I A 
4 5 6 7 8 9 10 11 12 13 14 15 

Execution Time (^): 3.2 


Origin 

Destination 

Operation 

127- K6 

128- N9 
125-B4 

116-F7/F9 
101-1 16-L9 
101-1 16-F11 

Force carry-in to bit 16 

Clear M register 

Cl63r D r6Q!St6r to 

OMFc 




127-K1 

101-1 16-A4 

Enable A register to 



adder 

125-B4 

101-1 16-F5- 

Enable adder to D r^is- 


F9 

ter 

80.04 

lof-iie-HO 

Memory data set into 



M register 

127-K9 

101-107-A9 

Enable M(1-7) to add^ 

127-K9 

108-1 16-A9 

Enable M(8-16) to adder 

125-B5/ 

101-116-F5- 

Enable adder sum to 

J5 

F9 

D register 

122-C2 

101-1 16-L6 

Clear A register 

122-C2 

101-108-J7 ‘ 

Enable D register to 



A(1-8) 

122-C2 

109-1 16-J7 

Enable D register to 



A(9-16) 

129-A1 

101-116-El 

Clear Y register 

129-D4 

101-116-K11 

Enable P register to 



Yregister 

126-F12/ 

150-A2 

Enable memory cycle 

J12 



150-A2 

150-D2 

Start memory cycle 


NEXT INSTRUCTION 
FETCH CYaE 


ANA 
2 CYCLES 
OP CODE 03 


2-f 



















































Instruction: Compare (CAS) 
OP Code: 11 Type: 

Deso-iption: If: (A) > lEA] 
(A)= lEAl 
(A) < [EAl 


No operation 
Skip next instruction 
Skip two instructions 



12 3 


Signal Component 


— s|a|a|a|a|a|a|a|a|a 

4 5 6 7 8 9 10 11 12 13 14 15 16 


Execution Time {fss): 4.8 


Destination 


Operation 


{CAS0P+)A [{A01 FF-(M01 FF-) 

126-N6 

125-A12 

M01 = AOl 

V(A01FF+){M01FF+)] 




(TL4FF+)(EOINS-)(F01CY+) 

119-C5 ; 

119-J5 

Set A-cvcIe 

I(M01FF-)at119-A5] j 





(FCYLF+)(TL4FF+)(OPG3C+) 

125-A7 

121 -AS 

ONEs to shift counter 


(MCRST+)(HOLDM-)(TL1FF+) 

128-N9 I 

101-1 16-L9 

Clear M register 


(SWnn.±)(STRB-) 

80.04 

101-116-H8 

Memory data set into 





M register 


(ACYLF+){TLATE+){CAS0P-)- 

127-C1 

101-1 16-A4 

Enable A reaister to 





adder 


(ACYLF+) (TLATE+) {OPGNS+) 

127-C12 

101-107-A10 

Enable M-(1-7) to adder 


(IRSOP-) 





(ACYLF+) {TLATE+) (OPGNS+) 

127-C12 

108-1 16-AlO 

Enable M-(8-16) to adder 


(IRSOP-) 





(CASOP+){ACYLF+) 

127-A8/ 

116-F7-F9 

Force carry to adder 



F8 


1 Isc^o 

(ANAOP- )(TL3FF+)(MCRST+) 

125-B7 

101-116-F11 

ONEs to D register 


(TL3FF+){IOGRF-)(MCSET+) 

125-B5 

101-1 16-F5- 

Enable adder sum to 



1 

F9 

D register 


(CASOP+) (TL4FF+) (MCRST+) 

129-El/ ! 

101-116-N12 

Clear Y register 



H3 




(BRREQ-)(EOINS-){CASOP+) j 

129-D5/ 

101-116-J10 

Enable 0 register to 


(MCSET+){TL4FF+) 

F1/F5 


Y register 


{D01 FF-) through {D16FF-) 

126-A9 

125-B12 

D register equals 


1 



ZERO 


<ACYLF+){TL4FF+)(CASOP+)A 

125-All 

125-D7 

SETAZZZZF-F 


(DGONE+)V(D01FF+) 

125-B12 




(ACYLF+)(TL4FF+)* 

126-L6 

121-A4 

Increment shift counter 


(TLATE-){ACYEF+){CASOP+) 

116-A2 

116-F7 

If (A) < [EA] , force 


(Y01FF+) 


117-A8 

additional carry to adder 

i 

{CASOP+)(TLATE-) 

128-F4 

101-116-A9 

Enable P register to 





adder 


(TLATE-) 

127-K6 

116-F7-F9 

Force carry to adder 


(ACYEF+)(TL1 FF+)(JSTOR-) 

125-B4 

101-116-F11 

Clear D register to 


(IRSOP-)(IMAOP-)(MCRST+) 



ONEs 


(ACYEF+){TL1 FF+){JSTOP-) 

125-B4 

101-116-04- 

Enable adder sum to 


(1 RSOP-){IMAOP-)(MCSET+) 


08 

D register 


(ACYEF+) {TL2FF+)(CASOP+) 

129-E9 

101-1 16-L12 

Clear P register 


(AZZZZ+){MCRST+) 




L 




1 SC = 0 1 

(ACYEF+)(TL2FF+)(CASOP+) 

129-E9 

101-1 16-J11 

Enable D register to 


(AZZZZ+){MCSET+) 



P register 


(CASOP+) {TL4FF+) {MCRST+) 

129-El/ 

101-116-N12 

Clear Y register 



H3 




(PISEX-)(EOINS+)(TL4FF+) 

129-D4 

101-1 16-L10 

Enable P register to 


(OPGJS-)(MCSET+) 



Y register 


(TL1FF+){SPMOD-) (IGACY+) 

126-F11/ 

150-A2 

Enable memory cycle 



H11 




(MEMCI+)(MBSYX-) 

150-A2 

150- 02 

Start memory cycle 




2-7 




















Instruction: Exclusive OR (ERA) 



hCXT INSTRUCTION 
FETCH CYCLE 


ERA 

2 CYCLES 
OP CODE 05 


OP Code: 05 Type: MR, 2 cycle 



Description: (A) V [EA] ^ (A) Execution Time {fish 3.2 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

CLMTR- 

MMnnF- 

128-P9 

142 

A 

TL1 

R 

{MCRST+)(HOLDM-)(TL1 FF+) 
(SWnn±){STRB-) 

128-P9 

80.04 

101-116-L9 
101-1 16-H8 

Clear M register 

Memory data set into 

M regista" 

EASTL+ 

127-Pl 

A 

TLATE 

L 

(ERAOP+){TLATE+) 

(ACYLF+) 

127-C1 

101-1 16-A4 

Enable A regista to 
adda 

JAMKN- 

127-L4 

A 

TLATE 

L 

(ACYEF+)(ERAOP+) 

127-C4 

101-1 16-C9 

Jam carry network 

EMSHL+ 

127-P9 

A 

TLATE 

L 

(ACYLF+) (TLATfc+) (SUBUr- ) 
(OPGAA+} 

127-KS 

iui-iu/-Ay 

tnaoie to adda 

EMSLL+ 

127-PI 1 

A 

TLATE 

L 

{ACYLF+) (TLATE+) (SUBOP-) 
{OPGAA+) 

127-K9 

108-1 16-A9 

Enable M{8-16) to adda 

CLDTR- 

125-K5 

A 

TL3 

R 

(ANAOP-){TL3FF+){MCRST+) 

125-B7 

101-116-F11 

Clear D regista to 

ONES 

ESDTS+ 

125-M4 

A 

TL3 

S 

(TL3FF+)(IOGRP-){MCSET+) 

125-B5 

101-1 16-F5- 
F9 

Enable adda aim to 

D regista 

CLATR- 

122-K8 

A 

TL4 

R 

(ACY LF+) (TL4F F+) (OPGAA+) 
(IMAOP-) 

122-C2 

101-1 16-L6 

Clear A regista 

EDAHS+ 

122-PI 

A 

TL4 

S 

(ACYLF+) (TL4FF+) (OPGAA+) 
(IMAOP-) 

122-C2 

101-108-J7 

Enable D register to 

A regista (1-8) 

EDALS+ 

122-P3 

A 

TL4 

S 

{ACYLF+)(TL4FF+)(OPGAA+) 

(IMAOP-) 

122-C2 

109-116-J7 

Enable D regista to 

A(9-16) 

CLYTR- 

129-P3 

A 

TL4 

R 

(SCZ R0+) {TL4F F+) (MCRST+) 

129-El/ 

H3 

101-1 16-N12 

Clear Y register 

EPYTS+ 

129-P4 

A 

TL4 

S 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-) 

129-D4 

101-1 16-L10 

Enable P regista to 

Y regista 

MEMCI+ 

126-K12 

A 

TL1 

L 

(TLI FF+)(SPMOD-)(IGACY+) 

126-F12/ 

J12 

150- A2 

Enable memory cycle 

coxxx-^ 

150-D2 

F 

TL1 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 


2-8 

















1 


3 


Instruction: Interdiangel^flemory and A (IMA) 
OP Code: 13 Type: MR, 3 cycle 

Description: (EA) =5^ (A) 


s|a|a|a|a|a|a|a|a|a 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Ex^utioii Time (jus): 4.8 


Signal 

Origin 

Cyc 

Tim 

ACYEF+ 

119-G4 

F 

TL4 

EICTS- 

125-P9 

F 

TL4 

CLMTR- 

128-P9 

A 

TL1 

MMnnF^ 

142 



EMSHL-t 

127-P9 

A 

TLATE 

EMSLL+ 

127— P1 1 ' 

A 

TLATE 

CLDTR- 

i25-K5 

A 

TL3 

ESOTS-^ 

125-M4 

A 

TL3 

MPMr'i4. 








INCSC+ 

126-P5 

A 

TL4 

COXXX+ 

150-D2 


TL4 

[SCSTP-I-] 

121-C4 

A 

TL4 

RRCXX- 

126-N8 

A* 

TL4 



As* 

TL3 

CLMTR- 

i 128-P& 

As 

TLl 

EASTL+ 

127-PI 

As 

TLl 

ESMTS-i- 

128-G11 

As 

TLl 

CLATR- 

122-K8 

As 

TL2 

EDAHS+ 

122-PI 

As 

TL2 

EDALS+ 

122-P3 

As 

TL2 

CLYTR- 

129-P3 

As 

TL4 

FCYEF+ 

119-G10 

As 

TL4 

EPYTS+ 

129-P4 

As 

TL4 

MEMCI+ 

126-K12 

As 

TLl 

COXXX.+ 

150-D2 


TL4 


Clk Signal Component 

L (TL4FF+)(EOINS-){FOICY+) 
[{M01FF-)@119-A5] 

S (FCYLF+){TL4FF+){OPG3C+)* 

R (MCRST+){H0LDM-)(TL1FF+) 
(SWnn±){STRB-) 

r (ACYLF+){TI_ATE+)(SUBOP-) 1 
L {OPGAA+) J 

R (ANAOP-){TL3FF+) 

S (TL3FF+)(IOGRP-) 

L (MEMCI-) 

L {ACYLF+)(TL4FF+) 

S (MEMCI+)(MBSYX-) 

S (INCSC+)(SCZR(>-)(MCSET+) 

L- (ACYEF+)(OPGWR+)(WRINH-) 

L 

R {MCRST+)(H0LDM-)(TL1FF+) 

L (ACYEF+)(TLATE-)(CASOP-) 
(LSXOP-)(IOGRP-) 

S (RRCXX-)(MASTO-)(OPGSM+) 
(TL1FF+){MCSET+) 

R (CLATL+)(MCRST+)* 

S r{EOINS+)(TL2FF+){OPGAA+)”l 
S L OPGSM+) J 

R (TL4FF+)(ACYNX-)* 

L (Set: (TL4FF+)(E0INS+)) 

S (PISEX-)(EOINS+)(TL4FF+} 
(OPGJS-) 

L (TL1FF+) (SPMOD-) (IGACY+) 

S (MEMCI+){MBSYX-) 


Ori^n 

Donation 

119-C5 

119-J5 

125-A7 

121 -A8 

128-N9 

80.04 

101-1 16-L9 
101-1 16-H8 

127-K9 
127— K9 
125-B7 

101-107-A9 
108— 116— A9 
101-116-Fll 

125-B5 

101-1 16-F5- 
F9 

126-G12 

126-L6 

150-A2 

121-A4 

150 — A2 
121-A4 
150-D2 
121-X6 

126-G8 

150-D6 

128-P9 

127-K1 

101-1 16-L9 
101-1 16-A4 

128-C11 

101-116-J9 

122-G6 

122-A3 

122-A3 

129-H3 

n9-C10 

101-1 16-L6 
101-108-J7 
109-1 16-J7 
101-116-N12 
119-K10 

129-D4 

101-116-L10 

126-G12 

150-A2 

150-/^ 

150-D2 


Operation 

Set A-cycle at next TL1 

Jam diift counter to 
ONEs 

Reset M roister 
Memory data set into 
M roister 

Enable M(1-8) to adder 
Enable M(9-16) to adder 
Cleaff D re^er to 
ONES 

Enable adder sum to 
0 regista- 

Enable memory cycle 
EnaUe step ^ift counter 
Start memory cycle 
Step shift coun^ to 
ZERO 

Block STRB1+ to enable 
memory write cycle 
Reset M register 
Enable A register to 
adder 

EnaUe adder RnnPA-i- 
output into M regista- 
Reset A register 
Enable D(1-8) Into A{1-8) 
Enable D(9-16) Into A(9-16) 
Reset Y register 
Enable set FCYLF+at 
nextTL1FF+ 

Enable P roister into 
Y register 

Enable manory cycle 
Start memory cycle 


*OPG3C+ @ 120-N4 = (IMAOP-), etc. 

*A/TL4/L - As/TL3/L= (ACYLF+)(TL4FF+) (SCZR0-) V{ACYEF+){SCZR0+) 
*A/ = A-cycle + SC ^ 0, As/ = A-cycle + SC = 0 


*(CLATL+) = (EOINS+)(TL2FF+)(OPGAA+){OPGSM+) @ 122-A3 
*{ACYNX-) = ((ACYLF+)(LSXOP^)(CASOP-)(SCZR(>-))@ 129-El 


















NEXT INSTRUCTION 
FETCH CYCLE 


IRS 

3 CYCLES 
OP CODE 12 


1 2 

r- 

Instruction: Increment, Replace, and Skip (IRS) 

OP Code: 12 Type: MR, 3 cycles 


Description: [EAl + 1 - [EA] Execution Time (jus): 4.8 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

ACYEF+ 

119-G5 

F 

TL4 

L 

(TL4FF+)(EOINS-) 

(M01ML-)(FCYLF+) 

119-A6 

119-K5 

Set A-cycle F F at next 

TLl 

EICTS- 

125-K9 

F 

TL4 

S 

( F CY LF+} (T L4F F+) {OPG3C+) 
(MCSET+){AZZZZ-) 

125-A7/ 

J9 

121-A8 

Jam shift counter to 

ONES 

CLMTR- 

MMnnF- 

128-P9 

142 

A 

TLl 

R 

{MCRST+){HOLDM-){TL1FF+) 

(SWnn±){STRB-) 

128-N9 

80.04 

101-116-L9 
101-1 16-H8 

Clear M register 

Memory data set into 

M register 

r-mmr*t ii * 

cnnonL'i' 









1^/— r» 


1 L.O 



r : i 

IU8— 8U/— 


EMSLL+ 

127-P1 1 

A 

TL3 

L 

( ACYE F+) { 1 RSOP+) (SCZRO- ) 

127-F11 

108-1 16-A9 

Enable M(8-16) to adder 

EIK17- 

127-P5 

A 

TL3 

L 

{ACYEF+)(IRSOP+)(SCZRO-) 

127 F11 

116-F7-F9 

Force carry to adder 

CLDTR- 

125-K5 

A 

TL3 

R 

(ANAOP-)|TL3FF+) 

125 B7 

101-1 16-F11 

Clear D register to 

ONES 

ESDTS+ 

125-M4 

A 

TL3 

S 

(TL3FF+){iOGRP-)(MCSET+) 

125-B5/ 

J5 

1 01-11 6-F5- 
F9 

Enable adder sum to 

D register 

MEMCI+ 

126-K12 

A 

TL4 

L 

{TL1FF+)(SPMOD-) (IGACY+) 

126-F12/ 

J12 

150-C1 

Enable set RCYF1+ 

INCSC+ 

126-P5 

A 

TL4 

L 

{ACYLF+)(TL4FF+) 

126-L6 

121-A4 

Increment shift counter 

COXXX+ 

150-D2 

F 

TLl 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 

SCSTP+ 

121 -C4 

A 

TL4 

S 

(1 NCSC+) (SCZRO- ) (MCSET+) 

121-A4 

121-X6 

Step shift counts' to 

ZERO 

RRCXX- 

126-N8 

A 

TL4 

L 

(ACYEF+) (OPGWR+) (WR INH- ) 

126-G8 

150-D6 

Block STRB1+ to enable 
memory write cycle 

DGONE+ 

126-D9 

A 

TL4 

L 

(D01FF-) through (D16FF-) 

126-A9 

125-B12 

D register 1-16 equals 

ZERO 

SETAZ+ 

125-M7 

A 

TL4 

L 

(OPGNS+)(ACYLF+){DGONE+) 

125-B12 

125-D7 

Set AZZZZ+ FF 

CLMTR- 

128-P9 

A 

TLl 

R 

{MCRST+)(H0LDM-)(TL1FF+) 

128-N9 

101-1 16-L9 

Clear M register 

EDMTS+ 

128-K12 

A 

TLl 

S 

(RRCXX-)(OPGSM-)(TL1FF+) 

128-F12 

101-1 16-J8 

Enable D register to 

M register 

EIK17- 

127-P5 

A 

TL3 

L 

(ACYEF+)(IRSOP+){AZZZZ+) 

127-F6 

116-F7-F9 

Force carry to adder 

EPSLL+ 

128-K4 

A 

TL3 

L 

{EOINS+)(IRSOP+) 

128-C4 

101-1 16-A9 

Enable P register to 
adder 

CLDTR- 

125-K5 

A 

TL3 

R 

(AN AOP^ ) {TL3F F+){MCRST+) 

125-B7 

101-1 16-F11 

Clear D register to 

ONES 

ESDTS+ 

125-M4 

A 

TL3 

S 

{TL3F F+) ( lOG RF- ) (MCSET+) 

125-B5 

1 01-11 6-F5- 
F9 

Enable adder sum to 

D register 

CLPTR- 

129-M10 

A 

TL4 

R 

(OPGJS+) (EOl NS+) {TL4F F+) 

129-E8 

101-1 16-E8 

Clear P register 

EDPTS+ 

129-L9 

A 

TL4 

S 

(OPGJS+)(EOINS+)(TL4FF+) 

129-E8 

101-1 16-J11 

Enable D register into 

P register 

CLYTR- 

129-P3 

A 

TL4 

R 

(ACYNX-){TL4FF+}{MCRST+) 

129-H3/ 

N3 

101-1 16-N 12 

Clear Y register 

EDYTS+ 

129-PI 

A 

TL4 

s 

(MCSET+) (TL4F F+) (SCZRO- ) 
(EOINS-) (OPGJS-) 

129-El 

D4 

101-1 16-J10 

Enable D register into 

Y register 

MEMCI+ 

126-K12 

A 

TLl 

L 

(TL1FF+){SPMOD-) (IGACY+) 

126-F12/ 

J12 

150-C1 

Enable memory cycle 

COXXX+ 

150-D2 

F 

TLl 

L 

iMEMCI+){MBSYX-) 

150-A2 

150-D2 

Start memory cycle 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
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Instruction: Unconditional Jump (JMP) 
OP Code: 01 Type: MR, 1 cycle 


0 1 
4' .A. . 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Description: EA-(P) Execution Time W: 1.6 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

! 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF+) (TLATE-) 

128-F3 

101-1 16-A9 

Enable P register to 
adder 

EIK17- 

127-P5 

F 

TLATE 

L 

(TLAT^) 

127-K6 

116-F7-F9 

Force carry to adder 









i nr 

:zO““r» 

r 

: US 

n 


12b— Ny 

lui- lie— Ly 

Olear ivi r^ista* 

CLDTR- 

125-K5 

F 

TL1 

R 

(ICYEF-)(ACYEF-)(TL1FF+) 

{MCRST+) 

125-A6 

101-116-Fll 

Clear D register to 

ONES 

CLFTL- 

125-K8 

F 

TL1 

R 

(ICYEF-)(ACYEF-){TL1FF+) 

{MCRST+) 

125-A6 

120- A1 

121- A5 

125-D8 

Clear F register 

Clear shift counter 

Clear AZZZZ FF 

ESDTS+ 

MMnnF- 

125-M4 

142 

F 

TL1 

S 

(ICYEF-)(ACYEF-){TL1FF+) 

(MCSET+) 

{SWnn±){STRB-) 

125-A6 

80.04 

101-116-04- 

F9 

101-116-H8 

Enable ^der sum to 

D register 

Memory data set into 

M register 

CLPTR- 

129-M10 

F 

TL2 

R 

(EDPTR+){MCRST+) 

129-L10 

101-1 16-L12 

Clear P regist®" , 

EDPTS+ 

129-P9 

F 

TL2 

S 

(EDPTR+){MCSET+) 

129-L9 

101-1T6-J11 

Enable D register into 

EMFTL+ 

128-P4 

F 

TLATE 

B 

[{M07FF+)V(M07FF-)]A 

[(FCYLF+)(TLATE+)(GENOP-) 

(MEMAC-)] 

128-J4 

126-A2 

. P register . 

Enable M(3-6) into F(3-6) 

EMFTL- 

128-K3 

F 

TLATE 

D 

See EMFTL+(M07FF+) 

128-G4 

127-L9 

Gener^e EMSHL+ and 
ENSHL-P 

EXSTL+ 

128-P5 

F 

TLATE 

D 

(FOICY+)(MEMAC-)(M02FF+) 

(GENOP-){EXSTR+) 

128-H6 

101-116-A5 

Enable X regirter to 
adder 

EMSHL+ 

127-P9 

F 

TLATE 


(FCYSO-) 

127~G10 

101-107-A9 

Enable M( 1-7} to ckider 

ENSHL+ 

127-P8 

F 

TLATE 


(FCYSO-) 

127-G10 

101-107-A10 

Enable M- (1 -7) to adder 

EMSLL+ 

127-P1 1 

F 

TLATE 


(FCYSO) 

127-G10 

108-1 16-A9 

Enable M(8-:1 6) to. adder ' 

EYSHL+ 

128-P3 

F 

TLATE 

D 

(FCYLF+){TLATE+){GENOP-) 

(MEMAC-){M07FF+) 

128-J3 

101-107-A12 

Enable Y(i-7) to adder 

CLDTR- 

125-K5 

F 

TL3 

R 

(ACYLF-)(TL3FF+)(MCRST+) 

125-B6 

101-116-Fll 

(^ear D register to 

ONES 

ESDTS+ 

125-M4 

F 

TL3 

S 

(I0GRP-)(TL3FF+){MCSET+) 

125-B5 

101-1 16-F5- 
F8 

Enable add^ eum to 

D register ‘ 

CLYTR- 

129-P3 

F 

TL4 

R 

(ACYNX-)(TL4FF+)(MCRST+) 

129-H3/ 

N3 

101-116-N12 

Clear Y register 

CLPTR- 

129-M10 

F 

TL4 

R 

(OPGJS+)(EOINS+)(TL4FF+) 

(MCRST+) 

129-E8/ 

L10 

101-116-L12 

Clear P register 

EDPTS+ 

129-P9 

F 

TL4 

S 

(OPGJS+)(EOINS+)(TL4FF+) 

(MCSET+) 

129-E8/ 

L9 

101-1 16-J11 

Enable D register into 

P register 

EDYTS+ 

129-PI 

F 

TL4 

S 

(ACYNX- ) (MCSET+) (TL4F F+) 
(BREO)(OPGJS-) 

129-L1 

101-1 16-J10 

Enable D register into 

Y register 

MEMCI-F 

126-K12 

F 

TL1 

L 

(TL1FF+)(SPMOD-) (iGACY+) 

126-F12/ 

J12 

150-A2 

Enable memory cycle 

COXXX+ 

150-D2 

F 

TL1 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 


STANDARD 

l-CYCLE 


NEXT INSTRUCTION 
FETCH CYCLE 


JMP 

1 CYCLE 
OP CODE 01 
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ENTER A-CYCLE ROM INSTaJCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CVaE. 



1 


0 


Instruction: Jump and Store Location (JST) 
OP Code: 10 Type; MR, 3 cycles 

Description: [EAl3_^0 

{EA] + 1 (P) 


Signal Origin Cyc Tim Cik 


S|A|A|A|A|A|A|A|A|A 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time l}js): 4.8 


Signal Component 


Destination 


Operation 


Set A-cycle at next TLl 

ONEs to shift counter 
Clear M register 
Memory data set into 
M register 
Cl^r D register to 
ONES 


ACYEF+ 119-G5 

EICTS- 125-K9 
CLMTR- 128-P9 
MMnnF- 142 

CIDTR- 125-K5 


EPSLL+ 

ESDTS+ 

INCSC+ 

SCSTA- 

MEMCi+ 

COXXX+ 

RRCXX- 

CLMTR- 

EDMTS+ 

EYSHL+ 

ErSLL4 

EIK17- 

CLDTR- 

ESDTS+ 

CLYTR- 

CLPTR- 

EDPTS+ 

EDYTS+ 

MEMCI-i- 

COXXX+ 


128-K4 

125- M4 

126- P5 

121-A4 A 
126-K12 A 
150-D2 

126- P8 

128-P9 A 
128-K12 A 

128-P3 A 

128- P2 A 

127- P5 A 

125-K5 

125- M4 

129- P3 
129-MlO A 
129-P9 A 
129-PI A 

126- K12 A 
150-D2 F 


{TL4FF+)(EOINS-)(FOICY+) 
[{M01FF-)atl19-A5l 
(FCYLF+) (TL4FF+) (OPG3C+) 
{MCRST+)(HOLDM-)(TL1 FF+) 
(SWnn±)(STRB-} 

(ANAOP-»TL3FF+HMCRST+l 


L {ACYEF+){JSTOP+)(SCZRO-) 

S (TL3FF+)(IOGRP-)(MCSET+) 

L (ACYLF+)rrL4FF+) 

S {INCSC+)(SCZRO-)(MCSET+) 

L (TL1FF+) (SPMOD-) (IGACY+) 
L (MEMCI+)(MBSYX-) 

L (ACYEF+){OPGWR+)(WRINH-) 

(See CLMTR- above) 
{RRCXX-){OPGSM-)(MASTO-) 
(TL1FF+)(MCSET+) 
(ACYEF+)(JSTOP+)(SC2RO+) 
(ACYEF+){JSTOP+)(SCZR(H) 
(EYSLL-) 

R {ANAOP-){TL3FF+)(MCRST+} 

S (TL3FF+)(I0GRP-)(MCSET+) 

R (ACYNX-){TL4FF+)(MCRST+) 

{OPGJS+) {EOINS+XTL4FF+) 
(MCRST+) 

(OPGJS+)(EOINS+)(TL4FF+) 
(MCSET+) 

(ACYNX-)(MCSET+)(TL4FF+) 
{BRREQ-)(OPGJS-) 
(TL1FF+)(SPM0D-) (IGACY+) 


(MEMCI+)(MBSYX-) 


119-D5 119-K5 

125-A7 121-L9 

128-N9 101-1 16-H9 

80.04 101-1 16-H8 

125-B7 101-1 16-F11 


128-F5 101-1 16-A9 

125- B5 101-1 16-F5- 

F9 

126- L6 121-A4 

121 -A4 121-A4 

126-G12 150-Cl 
150-A2 150-D2 

126-d8 150-D6 


128-F12 101-1 16-J8 


128-L2 

128- L2 
127-K6 
125-B7 

125- B5 

129- H3/ 
N3 

129-E8/ 

L9 

129-E8/ 

L9 

129-L1/ 

D4/F5 

126- F12/ 
J12 

150-A2 


fsc^o 


101-107-A12 
108-1 16-A12 
116-F7 
101-116-F11 

101-1 16-F5- 
F9 

101-1 16-N12 
101-1 16-L12 
101-116-J11 
101-116^10 

150-A2 

150-D2 


Enable P roister 

Enatrie adder sum to 
D register 
Enable step shift 
counter 

Shif t counter to ZEROt 
Enable memory cycle 

Start memory cycle 
Block STRB1+ and 
enable MWC* 

Enable D register into 
M roister 
Y{1-7) to adder 
Y(8-16) to adder 
Force carry to adder 
Clear D register to 
ONES 

Enable adder sum to 
D register 

Clear Y register 

|SC = 

Clear P register 

Enable D register into 
P register 

Enable D register Into 
Y register 

Enable memory cycle 
Stert memory cycle 


*MWC = Memory write cycle 

NOTE: Bit 02 of the P-regIster is stored when the memory expansion option is present and the computer Is in the extended mode. 
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NEXT INSTRUCTION o rvnF^ 

FETCH CYCLE OP COM 02 


instruction: Load A (LDAJ 

OP Code: 02 Type: MR, 2 cycles 

Description: {EA) ^ (A) 



Signal 

Origin 

Cyc 

Tim 

Clk 

ACYEF+ 

119-G5 

F 

TL4 

L 

CLDTR- 

125— K5 

A 

TL1 

R 

CLMTR- 

128-P9 

A 

TL1 

R 

MMnnF- 

142 




EMSHL+ 

127-P9 

A 

TLATE 


EMSLL-i- 

127-P1 1 

A 

TLATE 


ESPTS+ 

125-M4 

A 

TL3 

S 

CLATR- 

122-K8 

A 

TL4 

R 

CLYTR- 

129-P3 

A 

TL4 

R 

EDAHS-h 

122-PI 

A 

TL4 

S 

EDALS+ 

122-P3 

A 

TL4 

S 

EPYTS+ 

129-P4 

A 

TL4 

S 

FCYEF+ 

119-G10 

A 

TL4 

L 

MEMCI+ 

126-K12 

A 

TL1 

L 

COXXX+ 

150-02 

F 

TLI 

L 


5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (jus): 3.2 


(TL4FF+)(EOINS-){FOICY+) 
[(M01 FF-) @ 1 19-A5] 

(Ac Y hP+) (TL 1 FF+) ( JSTOP- ) 
(IRSOP-){IMAOP-) 

(MCRST+) (HOLDM+) (TL1 FF+) 
{SWnn±)(STRB-) 

r(ACYLF+)(TLATE+) 1 
L(SUB0P-)(0PGAA+) J 
{TL3FF+)(IOGRP-) 

{CLATL+){MCRST+)* 
(TL4FF+){ACYNX-)^* 
nACYLF+)(TL4FF+) “1 
L(0PGAA+){IMA0P-U 
(PISEX-)(EOINS+)(TL4FF+) 
(OPGJS-) 

[Set: {TL4FF+)(EOINS+) 
(DMCRQ-)(PISEX-)] 

(TL1FF+) (SPMOD-) {IGACY+) 
IMEMCI+) (MBSYX-) 


;(CLATL+) @ 122-G6 = (ACYLF+){TL4FF+)(0PGAA+)(IMA0P-) @ 122-C2 
(ACYNX-) @ 129-F1 = {(ACYLF+)(LSXOP-)(CASOP-)(SCZRO-}) - @ 129-El 


Signal Component 


Origin 

Destination 

119-C5 

119-J5 

125-B4 

101-1 16-F11 

128-K8 

101-1 16-H9 

80.04 

101-1 16-H8 

127-K9 

101-107-A9 

127-B5 

108-1 16-A9 

125-B5 

101-H6-F5- 

F9 

122-J8 

101-116-L6 

129-H3 

101-116-N12 

122-C2 

101-108-J7 

122-L2 

109-1 16-J7 

129-04 

101-116-J11 

119-010 

119-ClO 

126-G12 

150-A2 

150-A2 

150-02 


OfMration 


Set A-cycle at next TL1 

Clear D register to 
ONES 

Reset M register 
Memory data set into 
M register 

Enable M(1-7) to adder 
Enable M(8-16) to adder 
Enable adder sum to 
D register 
Reset A register 
R«et Y register 
Enable D(1-8) intoA(l-8) 
Enable 0(9-16) into A(9-16) 
Enable P register into 
Y register 

Enable set FCYLF+ at 
nextTL1FF+ 

Enable memory cycle 
Start memory cycle 
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L(AND DURING SC = 0) ENABLE MEMORY WRITE 
S (SC)+1^(5C) 

R 0 ^(Y) 


(RRCXX-) 

INCSC+ 


DEVELOP START MEMORY LEVEL 
0 - (M), I's - (D) 

(X) -ADDER -(D) 

ADDER -(M) 


R,S 1 -s - (X), (M) - (X) 



I's ^ (X),(M) * (X) 


0 ^ (Y) 

(P) ^ (Y) 

SET F-CYCLE ENTRY F-F 


MEMCI + 

CLMTR-, CLDTR- 
EXSTL+, ESDTSf 
ESMTS+ 


CLXTR-, EMXTS+ 


CLXTR-, EMXTS+ 



NEXT INSTRUCTION 
FETCH CYCLE 


3 CYaES 
OP CODE 15 
flWU = 1 


1 


5 


Instruction: Load Index Roister (LDX) | F j 1 

OP Code: 15 Type: MR, 3 cycles 12 3 

Description: (EA) -»• X Note: Bit 2 of IW must be set 
X->(0) 


Signal Origin Cyc Tim Clk Signal Component 


— 1 S I A I A I A I A { A i A 1 A j A ■ A 
4 5 6 7 8 9 10 11 12 13 14 15 IS 

Ex^xition Time (jtxs): 4.8 


Destination 


Operation 


^t A-cycie at next l LI 

Jam shift counter to 
ONEs 

Reset M register 
Memory data set into 
M register 
Clear X register to 
ONES 

Enable M register into 
X register 
ResetWRINH+FF 
Enable step shift counter 
from all ONEs to 
ZEROS 

Enable set RCYF1+ 

Start memory cycle 
Block STRB1+ to enable 
memory write cycle 
Reset Y register (ad- 
dress location ZERO 
in memory) 

Enable X register to 
adder 

Reset M register 
Clear D register to 
ONEs 

Enable adder sum to 
D register 

Enable adder RnnPA+ 
output into M register 
Clear X register to 
ONES 

Enable M regist^' into 
X register 
Reset Y register 
Enable set FCYLF+ at 
next TLl FF-f 
E nable P register into 
Y register 

Enable memory cycle 
Start memory cycle 


ACYEr+ 119— C.5 

EICTS- 125-K9 

CLMTR- 128-P9 
MMnnF- 142 

CLXTR- 128-M8 

EMXTS+ 128-P7 

INCSC- 126-M5 
INCSC+ 126-P5 


MEMCI+ 126-K12 A TL4 
COXXX+ 150-D2 F TLl 
RRCXX- 126-M8 

CLYTR- 129-P3 I A 1 TL4 


EXSTL+ 128-P5 


CLMTR- 

CLDTR- 

ESOTS+ 

ESMTS+ 

CLXTR- 

EMXTS+ 

CLYTR- 

FCYEF-f 


128-P9 

125-K5 

125-M4 

128-G11 

128-M8 

128- P7 

129- P3 
119-010 


EPYTS+ 129-P4 


MEMCI-F 

COXXX+ 


126-K12 

150-D2 


A TLl 
A TLl 


A TL3 

A TL3 

A TL4 
A TL4 

A TL4 

A TLl 
F TLl 


(T L4F F+) ( EO i NS- ) { FOIC Y+) 
[{M01FF-)@119-A5] 
(FCYLF+j (TL4FF+) {OPG3C+) * 

{MCRST-f)(HOLDM-)(TL 1FF+) 
(SWnn±){STRB-) 

{ ACYLF+) (TL3F F+) { LSXOP-F) 

(ACYLF-f) (TL3F F-f) { LSXOP-F) 

(ACYLF-f)(TL4FF-f) 

(INCSC-) 

(MEMCI-) 

(MEMC1+){MBSYX-) 

(ACYE F-f) (OPGWR-f) (WR I N H- ) 

R (ACYNX-)(TL4FF-f)*** 

L {ACYEF-f)(TLATE-)(LSXOP-f) 

{MCRST-f)(HOLDM-)(TL1FF-f) 
{ACYEF-f){TL1 FF-f){JST0P-) 
(IRS0P-)(IMA0P-) 
(ACYEF-f){TL1 FF-f)(JSTOP-) 
(IRS0P-)(IMA0P-) 
(RRCXX-)(MASTO-)(OPGSM-f) 
(TL1FF-f)(MCSET-f) 

(ACYLF-f) (TL3F F-f) ( LSXOP-f) 

S (ACYLF-f){TL3FF-f){LSXOP-f) 

R (TL4FF-f){ACYNX-)*** 

L (Set: (TL4 FF-f)(EOINS-f) 

S (PISEX-)(EOINS-f)(TL4FF-f) 
(OPGJS-) 

L (TLIFF-F) (SPMOD-) (IGACY-F) 

L IMEMCI-f) (MBSYX-) 


119-L5 

119-H3 

125-A7 

121-A8 . 

128-P9 

80.04 

101-1 16-L9 
101-1 16-H8 

128-F8 

101-1 16-N8 

128-F8 

101-1 16-N9 

126-L6 

126-N5 

126-N5 

121-A4 

126-G12 

150-A2 

126-J8 

150-C1 

150-D2 

150-D6 

129-H3 

101-116-N12 

128-J5 

101-116-A5 

128-P9 

125-B4 

101-1 16-L9 
101-116-F11 

125-B4 

128-D11 

101-116-F5- 

F9 

101-116-J9 

128-F8 

101-116-N8 

128-F8 ; 

101-1 16-N9 

129-N3 ; 

119-D10 1 

j 

101-116-N12 

119-K10 

129-D4 

101-1 16-L10 

126-G12 

150-A2 

150-A2 

150-D2 


‘(OPG3C-F) @ 120-P4= (DPOLX-), etc. 
(OPOLX-) = ( LSXOP-F) (M02F F-F) @ 124-N12 
**See WRINH ^ and r«et timing 


^(ACYNX-) = ((ACYLF-f)(LSXOP-)(CASOP-)(SCZRO-)) - @ 129-Ei 


4 




























0 


4 


F-CYCLE T4 THRCXJGH 
A-CYCLE T3 


ENTER A-CYCLE ROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYaE 


ENABLE MEMORY WRITE CYCLE 


L DEVELOP START MEMORY LEVEL 
R 0 ^ (M) 

L (A) - ADDER 

S ADDER -(M) 


MEMCI+ 

CLMTR- 

EASTL+ 

ESMTS+ 


Instruction: Store A (STA) 

OP Code: 04 Type: MR, 2 cycles 

Description: (A) (EA) 


Signal 

ACYEF+ 


CLMTR- 

EASTL+ 

ESMTS+ 


Origin Cyc Tint 


119-G5 


128-P9 

127-PI 


izo— U III rt 


F I T H S|AlA|A|A|A|A|A|A|A 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Exaction Time ifis): 3.2 


Signal Component 

(TL4FF+)(EOINS-)(FOICY+) 

[(M01FF-)@119-A5] 


(MCRST+J { HO LDM- ) {TL 1 F F+) 
(ACYEF+)(TLATE-)(CASOP-) 
(LSXOP-)(IOGRP-) 

( R R CXX- ) ( MASTO- ) (OPGSM+) 
(TL1FF+)(MCSET+) 


119-C5 119-J5 


Origin Destination Operation 

1 1 9— C5 1 1 9— J5 Set A-cycle at next TL1 

an 41-0 r^/^ Dl^^fO^C^TDO 4-^ 

JO SOO“*“iJ^O I I1L7” IVP 

memory write cycle 

128-N9 101-1 16-L9 Reset M register 

127- K1 101-116-A4 Enable A register to 

ackler 

1 28— Cl 1 101—1 16— G9 Enable adder RnnPA+ 

output into M register 


R 0 .. (Y) 

S (P) ^(Y) 

L SET F-CYaE ENTRY F-F 


CLYTR- 

EPYTSt 

FCYER- 


CLYTR- 

EPYTS+ 


129-P3 

129-P4 


FCYEF+ 119-G10 


MEMCI-F 

COXXX+ 


126-K12 

150-D2 


(TL4FF+)(ACYNX-)* 

(PISEX-)(E0INS+)(TL4FF+) 

(OPGJS-) 

(Set: (TL4FF+)(E0INS+)) 

(TL1FF+) (SPMOD-) (IGACY-) 
(MEMCI+)(MBSYX-) 


^(ACYNX-) = ({ACYLF+)(LSXOP-)(CASOP-)(SCZRO-)) -@ 129-El 


129-Ll 

129-D4 


119-C10 119-J10 

126-G12 150-A2 

150-A2 150-D2 


101— 116— N12 Reset Y r^'sta- 
101—1 16— L10 Enable P regista- into 
Y regista* 

1 19-J10 Enable set FCYLF+ at 

nextTL1FF+ 

150— A2 En^le manory cycle 

1 50— D2 Start memory cycle 


NEXT INSTRUCTION 
FETCH CYaE 


STA 

2 CYCLES 
OP CODE 04 
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1 


5 


ENTER A-CYaE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 



INSTRUCTION WORD ACCESS OP CODE 15 

(IW)2 = 0 


instruction: Store Index Register (STX) 

OP Code: 15 Type: MR, 2 cycles 

Oeso'iption: (X) ->■ (EA) Note: Bit 2 of IW must 



h 

A 

A 

A 

A 

A 

A 

A 

A 

A 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


5 6 

Ex^xition Time (ps): 3.2 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

ACYEF+ 

119-G5 

F 

TL4 

. 

L 

{TL4FF+){EOiNS-)iFOiCY+) 

119-C5 

119-J5 

&t A-cycle at next TLf 






[(M01FF-)@119-A5] 




RRCXX- 

126-M8 

F 

TL4 

L- 

(ACYEF+)(OPGWR+)(WRINH-) 

126-J8 

150-D6 

Block STRB- to enable 



A 

TL3 

L 




memory write cycle 

EXSTL+ 

128-P5 

A 

TL1 

L 

{ AC YE F+) (TLATE- ) ( LSXOP+) 

128-J5 

101-116-A5 

Enable X register to 









adder 

CLMTR- 

128-P9 

A 

TL1 

R 

(MCRST+)(HOLDM-)(TL1FF+) 

121-N9 

101-1 16-L9 

Reset M register 

ESMTS+ 

128-G11 

A 

TLl 

S 

( R RCXX- ) (MASTO- ) {OPGSM+) 

128-C11 

101-116-J9 

Enable adder RnnPA+ 






{TL1FF+){MCSET+) 



output into M register 

CLXTR- 

128-M8 

- A 

TL3 

R 

{ACYLF+)(TL3FF+)(LSXOP+) 

128-F8 

101-1 16-N8 

Clear X register to 









ONES 

EMXTS+ 

128-P7 

A 

TL3 

S 

(ACYLF+)(TL3FF+)(LSX0P+) 

128-F8 

101-116-N9 

Enable M r^ist^ into 









X register 

CLYTR- 

129-P3 

A 

TL4 

R 

(TL4FF+){ACYNX-}* 

129-H3 

101-116-N12 

Reset Y register 

FCYEF+ 

119-G10 

A 

TL4 

L- 

(Set: (TL4FF+){EOINS+)) 

119-C10 

119-J10 

Enable set FCYLF+ 









at next TLl FF+ 

EPYTS+ 

129-P4 

A 

TL4 

S 

(PISEX- ) (EOI NS+) (TL4F F+) 

129-D4 

101-1 16-L10 

Enable P register into 






(OPGJS-) 



Y register 

MEMCI+ 

126-K12 

A 

TLl 

L 

(TL1FF+) (SPMOD-) (IGACY+) 

126-G12 

150-A2 

Enable memory cycle 

COXXX+ 

150-D2 

F 

TLl 

L 

(MEMCI+){MBSYX-) 

. 

150-A2 

150-D2 

Start memory cycle 


*(ACYNX-) = ((ACYLF+)(LSXOP-)(CASOP-){SCZRO-)) 129-El 
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NEXT INSTRUCTION 
FETCH CYCLE 


SUB 

2 CYCLES 
OP CODE 07 


Instruction: Subtract (SUB) 

OP Code: 07 Type: MR, 2 cycles 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Description: (A) — (EA) ^ (A) 
OVF iC) 


Execution Time fjtis): 3.2 


Signal 

Origin 

Cyc 

Tim 

Cik 

Si^iai Component 

Or^in 

Destination 

Operation 

CLMTR- 

MMnnF- 

128-P9 

142 

A 

TLl 

R 

(MCRST+) (HOLDM-) (TLl FF+) 
(SWnn±)(STRB-) 

128-P9 

80.04 

101-1 16-L9 
101-1 16-H8 

Clear M register 

Memory data set into 

M register 

EASTL+ 

127-PI 

A 

TLATE 

L 

[(SUBOP-)] -(ACYLF+) 

(TLATE+) 

127-Al/ 

Cl 

101-116-A4 

Enable A register to 
adder 

ENSHL+ 

127-P8 

A 

TLATE 

L 

(ACYLF+)(OPGNS+)(IRSOP-) 

127-C12 

101-107-A10 

Enable M-(1-7) to adder 

ENSLL+ 

127-P7 

A 

TLATE 

L 

(ACYLF+) (OPGNS+) (1 RSOP-) 

127-C12 

108-1 16-A10 

Enable M-(8-16) to adder 

EIK17- 

127-P5 

A 

TLATE 

L 

(EIK17+) 

127-L6 

116-F7-F9 

117-A1 

Fors^ carry to adda" 

CLDTR- 

125-K5 

A 

TL3 

R 

( AN AOP- ) (T L3F F+) (M CRST+) 

125-B7 

101-1 16-F 11 

Clear D register to 

ONES 

ESDTS+ 

125-M4 

A 

TL3 

S 

(TL3FF+) ( lOG RP- ) (MCSET+) 

125-B5 

101-1 16-F5- 
F9 

Enable adder sum to 

D register 

CLATR- 

122-K8 

A 

TL4 

R 

(ACYLF+) (OPGAA+) (TL4FF+) 

122-C2 

101-1 16-L6 

Clear A register 

EDAHS+ 

122-Pl 

A 

TL4 

S 

(ACYLF+) (OPGAA+) (TL4FF+) 

122-C2 

101-108-J7 

Enable D roister to 

A(1-8) 

EDALS+ 

122-P3 

A 

TL4 

S 

(ACYLF+) (OPGAA+) (TL4FF+) 

122-C2 

109-1 16-J7 

Enable D register to 

A(9-16) 

CB1TF+ 

124-P2 

A 

TL4 

S 

(SUBOP+)(TL4FF+)(DOO = D01) 
(MCSET+) 

124-A4 

124-P2 

Set CBITF 

CBITF- 

124-PI 

A 

TL4 

R 

(SUBOP+)(DIVOP^)(TL4FF+) 

(MCRST+) 

124-Al 

124-PI 

Reset CBITF 

CLYTR- 

129-P3 

A 

TL4 

R 

(SC2R0+)(TL4FF+)(MCRST+) 

129-H3/ 

N3 

101-1 16-N12 

Clear Y register 

EPYTS+ 

129-P4 

A 

TL4 

S 

(PISEX-)(EOINS+)(OPGJS-) 

129-D4 

101-116-L10 

Enable P register to 

Y register 

MEMCI+ 

126-K12 

A 

TLl 

L 

(TLl FF+)(SPMOD-)(IGACY+) 

126-G12 

K12 

150-A2 

Enable manory cycle 

COXXX+ 

150-D2 

F 

TLl 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 





STROBE (e^ -(M) MAAnnF- 

T2 R 0 - (P) GLPTR- 

S (D) ^(P) EDPTS- 



R l's.(D) CLDTR- 

S ADDER -(D) ESOTSf 



R 0 - (Y) CLYTR- 

S (P) ^ (Y) EPYTS+ 

L SET F-CYCLE ENIK'r F-F FCYEF+ 



NOTE; MISSING SIGNALS CAN BE 
FOUND IN ACA ANALYSIS 


NEXT INSTRUCTION 
FETCH CYCLE 


ACA 
1 CYCLE 
OP CODE 141216 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CVaE ENTRY ENABLED) 


FCYEF+ 


L DEVELOP START MEMORY LEVEL MEMC1+ 

R 0 ^(M), I's - (D) CLMTR-, CLDTR- 

L (P) + 1 -ADDER, 0 - (F) EPSLL+, EIK17-, aFTL- 

S ADDER -(D) ESDTS+ 



MCRST+ 
(SEE NOTE) 


NEXT INSTRUCTION 
FETCH CYCLE 


AOA 
1 CYaE 

OP CODE 141206 


NOTE: MISSING SIGNALS CAN BE 
FOUND IN AOA ANALYSIS 



Signal Origin Cyc I Tim 


EPSLL+ 128-K4 

EIK17- 127-P5 

CLMTR- 128-P9 
CLDTR- 125-K5 

CLFTL- t25-K8 


ESDTS+ 

MMnnF- 

CLPTR- 

EDPTS+ 

EASTL+ 

EMSHL+ 

ENSHL+ 

EMSLL+ 

ENSLL+ 

EIK17- 

CLDTR- 

ESDTS+ 

CLATR- 

EDAHS+ 

EDALS+ 

CB1TF- 


125-M4 F 

142 

129-M10 F 

129-P9 F 

127-PI F 

127-P9 F 

127-P8 F 

127-P1 1 F 

127-P7 F 

127-P5 F 

125-K5 F 

125-M4 F 

122-K8 f 

122-PI F 

122-P3 F 

124-Pl F 


TLATE 

TLATE 


TL2 

TL2 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 


CB1TF+ 124-P2 F TL4 

CLYTR- 129-P3 F TL4 

EPYTS+ 129-P4 F TL4 

MEMCI+ 126-K12 F TL1 

(X)XXX+ 150-D2 F TL1 


Signal Component 


(FCYEF+) (TLATE-) 

(TLATE-) 

(MCRST+)(HOLDM-)(TLl FF+) 
{ICYEF-)(ACYEF-)(TL1FF+) 

(!CYEF-)(ACYEF-)(TL1FF+) 

{ICYEF-)(ACYEF-)(TL1 FF+) 

(SWnni)^(STRB-) 

(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAC-)(MCRSt+) 

(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAC-)(MCSET+) 

(GENOP+)(TLATE+)(M02FF+) 

(GENOP+)(TLATE+)(M02FF+) 
(G ENOP+) (TLATE+) (M02F F+) 
(GENOP+)(TLATE+)(M02FF+) 
(GENOP+)(TLATE+)(M02FF+) 
(M13FF-)(GENOP+)(M01 FF+) 
(M15FF+) 

(TL3FF+)(ACYLF- ) (MCRST+) 

(TL3FF+)(IOGRP-)(MCSET+) 

(M15FF+)(GENOA+)(TL4FF+) 

(M15FF+)(GENOA+)(TL4FF+) 

(M15FF+)(GENOA+)(TL4FF+) 

(TL4FF+)(DIVOP-)(GENOA+)- 

(M09FF+)(M11FF-) 

(MCRST+) 

(DOO#D01)(GENOA+) 
(M09FF+)(M1 1 FF-)(TL4FF+) 
(MCSET+) 

(SCZR0+) (TL4F F+) (MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 
(OPGJ&-)(MCSET+) 
(TL1FF+)(SPM0D-) UGACYh-) 

(MEMCI+)(MBSYX-) 


Origin 

Destination 

Operation 

128-G3 

101-116-A9 

Enable P register to 



adda- 

127-K6 

116- F7/F9 

117- Al 

Force carry to adder 

128-P9 

101-116-L9 

Clear M register 

125-A6 

101-116-F11 

Clear D register to 



ONES 

125-A6 

120-A1 

Clear F register 


121-A5 

Clear shift counter 


125-D8 

Clear AZZZZFF 

125-A6 

101-1 16-F5- 

Enable adda* sum to 


F9 

D register 


80.04 101-1 16-H8 

129-E7 101-116-L12 

129-E7 101-116-J11 

127-K12 101-1 16-A4 

127-K12 101-107-A9 

127-K12 101-107-A10 
127-K12 108-1 16-A9 

127-K12 10e-116-A10 
127-C11 116-F7/F9 

F5 " 117-Al 

125-B6 101-116-F11 

125-B5 101-116-F5- 

F9 

122-A2 101-1 16-L6 

122-A2 101-108-J7 

122-A2 109-116^7 

124-A2 124-Ll 


124-Al 124-L2 

A2 

129-El/ 101-1 16-N12 

H3 

129-D4 101-1 16-L10 

126-F2/ 150-A2 

J12 

150-A2 150-D2 


Memory data set into 
M register 
Clear P register 

Enable D register to 
P register 

Enable A register to 
adder 

Enable M(1-7) to adder 
Enable M-(l-7) to adder 
Enable M(^16) to adder 
Enable M-(8-16) to adder 
Force carry to adde* 

Clear D register to 
ONES 

Enable adder sum to 
D register 
Clear A register 
Enable D register to 
A(1-8) 

Enable D register to 
A(9-16) 

Clear C-bit with reset 
clock 

Set C-bit when DOO # 
DOl 

Clear Y register 

Enable P r^ist^ to 
Y register 

Enable manory cycle 
Start memory cycle 
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FCYEF+ 


ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


Instruction: Clear Left Half (CAL) 

OP Code: 141050 Type: G, 1 cyde 
Description: 0“^ 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Execution Time (jUs): 1.6 



♦ 

NEXT INSTRUCTION 
FETCH CYCLE 


NOTE: MISSING SIGNALS CAN BE 
FOUND IN CAL ANALYSIS 


CAL 

1 CYQE 

OP CODE 141060 


Signal 

Origin 

Cyc 

Tim 

Cik 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF+)(TLATE-) 

128-G3 

101-1 16-A9 

Enable P register to 
adder 

EIK17- 

127-P5 

F 

TLATE 

L 

(TLATE-) 

127-K6 

1.16-F7-F9 

Force carry to adder 

CLMTR- 

128-P9 

F 

TL1 

R 

(MC RST+) (HO LDM- ) (TLl F F+) 

128-P9 

101-1 16-L9 

Clear M register 

CLDTR- 

125-K5 

F 

TL1 

R 

{ICYEF-){ACYEF-)(TL1FF+) 

125-A6 

101-116-F11 

Clear D register to 

ONES 

CLFTL- 

125-K8 

F 

TLl 

L 

{ICYEF-){ACYEF-)(TL1 FF+) 

125-A6 

120- Al 

121- A5 

125-D8 

Clear F register 

Clear Shift Counter 

Clear AZZZZFF 

ESDTS+ 

MMrtn F— 

125-M4 

142 

F 

TL1 

S 

(ICYEF-)(ACYEF-){TL1FF+) . 

(SWnn±)(STRB-) 

125-A6 

80.04 

101-1 16-F5- 
F9 

101— 116— H8 

Enable adder sum to 

D register 

Memory data set into 

M register 

CLPTR- 

129-MlO 

F 

TL2 

R 

(EDPTR+){MCRST+) 

129-L9 

101-116-L12 

Clear P register 

EDPTS- 

129-P9 

F 

TL2 

S 

{EDPTR+)(MCSET+) 

129-L9 

101-1 16-J11 

Enable D register into 

P register 

EASTL+ 

127-Pl 

F 

TLATE 

L 

(GENOP+)(TLATE+)(M02FF+) 

127-K12 

101-116-A4 

Enable A register to 
adder 

EMSHL+ 

127-P9 

F 

TLATE 

L 

(G ENOP+) (TLATE+) (M02F F+) 

127-K12 

101-107-A9 

EnableJW(1-7) to adder 

ENSHL+ 

127-P8 

F 

TLATE 

L 

(GENOP+){TLATE+)(M02FF+) 

127-K12 

101-107-A10 

Enable M-(1-7) to adder 

EMSLL+ 

127-Pl 1 

F 

TLATE 

L 

{GENOP+) (TLATE+) (M02FF+) 

127-K12 

108-1 16-A9 

Enable M(8-16) to adder 

ENSLL+ 

127-P7 

F 

TLATE 

L 

(GENOP+)(TLATE+)(M02FF+) 

127-K12 

108-1 16-A10 

Enable M-(8-16) to adder 

JAMKN- 

127-L5 

F 

TLATE 

L 

(GENOP+)(M01FF+){M02FF+) 

127-L3 

101-1 16-G9 

Force carry network to 
ZERO 

CLDTR- 

127-K5 

F 

TL3 

R 

(TL3FF+)(ACYLF-) 

125-B6 

101-1 16-F11 

Clear D register to 

ONES 

ESDTS+ 

125-M4 

F 

TL3 

S 

(TL3FF+)(IOGRP^) 

125-B5 

101-1 16-F5- 
F9 

Enable adder sum to 

D register 

CLATR- 

122-K8 

F 

TL4 

R 

(GENOA+){M11FF+)(TL4FF+) 

122-C4 

101-1 16-L6 

Clear A register 

CLYTR- 

129-P3 

F 

TL4 

R 

(ACYNX-) (TL4FF+) (MCRST+) 

129-H3 

101-1 16-N12 

Clear Y register 

EDALS+ 

122-P3 

F 

TL4 

S 

(GENOA+) (M 1 1 F F+) (M 1 3F F+) 

129-D5/ 

H2 

109-1 16-J7 

Enable D register to 

A(9-16) 

EPYTS+ 

129-P4 

F 

TL4 

S 

(PISEX-)(EOINS+)(OPGJS-) 

129-D4 

101-1 16-L10 

Enable P register to 

Y register 

MEMCI+ 

126-K12 

F 

TLl 

L 

(TLlFF+)(SPMOD-)( IGACY+) 

126-F2/ 

J12 

150-A2 

Enable memory cycle 

COXXX+ 

150-D2 

F 

TLl 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 
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NOTE: MISSING SIGNALS CAN BE 
FOUND IN CAR ANALYSIS 


CAR 

1 CYQE 

OP CODE 141044 



Description: 0 ^ ?A)g_^g 


Execution Time (jus): 1.6 


Signal_ Origin Cyc Tim Cik Signal Component Origin Destination Operation 


EPSLL+ 128-K4 F TLATE L 

EIK17- 127-P5 F TLATE L 

OLMTR- 128-FS F TL1 R 

CLDTR- 125-K5 F TL1 R 

CLFTL- 125-K8 F TL1 L 


ESDTS+ 125-M4 F TL1 S 

MMnnF- 142 

CLPTR- 129-M10 F TL2 R 

EDPTS- 129-P9 F TL2 S 

EASTL+ 127-PI F TLATE L 

EMSHL+ 127-P9 F TLATE L 

ENSHL+ 127-P8 F TLATE L 

EMSLL+ 127-Pll F TLATE L 

ENSLL+ 127-P7 F TLATE L 

JAMKN- 127-L5 F TLATE L 

CLDTR- 127-k5 F TL3 R 

ESDTS+ 125-M4 F TL3 S 

CLATR- 122-K8 F TL4 R 

CLYTR- 129-P3 F TL4 R 

EDAHS+ 122-PI F TL4 S 

EPYTS+ 129-P4 F TL4 S 

MEMCI+ 126-K12 F TL1 L 

COXXX+ 150-D2 F TL1 L 


(FCYEF+)(TLAT^) 128-G3 

(TLATE-) 127-KR 

(MCRST+){H0LDM-)(TL1FF+) 128-P9 

(ICYEF-){ACYEF-)(TL1FF+) 125-A6 

(ICYEF-)(ACYEF-)(TL1FF+) 125-A6 


(ICYEF-)(ACYEF-)(TL1FF+) 125-A6 

(SWnn±)(STRB-) 80.04 

(EDPTR+)(MCRST+) 129-L10 

(EDPTR+)(MCSET+) 129-L9 

(GENOP+){TLATE+){M02FF+) 129-K12 

(GENOP+)(TLATE+){M02FF+) 127-K12 

(GENOP+)(TLATE+){M02FF+) 127-K12 

(GENOP+)(TLATE+)(M02FF+) 127-K12 

(GENOP+)(TLATE+)(M02FF+) 127-K12 

(GENOP+)(M01FF+)(M02FF+) 127-L3 

aL3FF+)(ACYLF-) 125-B6 

(TL3FF+)(IOGRP-) 125-B5 

(GEN0A+)(M11FF+)(TL4FF+) 122-C4 

(ACYNX-)(TL4FF+)(MCRST+) 129-H3 

IGEN0A+)(M11FF+)(M14FF+) 122-C4/ 

J2 

{PISEX-)(EOINS+)(OPGJS-) 129-D4 

(TL1FF+)(SPMOD-) (IGACY+) 126-F2/ 

J12 

(MEMCI+)(MBSyX-) 150-A2 


101—11 6— A9 Enable P register to 

adder 

1 Ifi— F7-PQ 

1 01 —1 1 6— L9 Clear M register 

101—1 16— FI 1 Clear D register to 

ONES 

120— B1 Clear F register 

‘S21— A5 Clear shift counter 

1 25-D8 Clear AZZZZ F F 

101— 116— F5- Enable adder sum to 

F9 D register 

101—11 6— H8 Memory data set into 

M register 

101— 116— L12 Clear P register 

101—1 16— J1 1 Enable D register into 

P register 

101— 116— A4 Enable A re^ster to adder 

101— 107— A9 Enable M( 1-7) to adder 

101— 107— A10 Enable IVl-(l-7) to adder 

108-1 16-A9 Enable M(8-16) to adder 

108— 1 16— AlO Enable M-(8-16) to adder 
101—11 6— C9 Force carry network to 

117-C1-C4-K5 ZERO 
101— 116— FI 1 Clear D register to 

ONES 

101— 116— F5- Enable adder sum to 
F9 D register 

101— 116— L6 Clear A register 

101— 116— N12 Clear Y register 

1 01 — 108— J7 Enable D register to 

A register 1-8 

101— 116— L10 Enable P register to 

Y register 

150— A2 Enable memory cycle 

1 50— D 2 Start memory cycle 
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ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


Instruction: Complement A Sign (CHS) 

Op Code: 140024 Type: G, 1 cycle 
Description: ONE's complement of (A-j ) (A^ ) 

Signal Origin Cyc Tim Clk 


— i o| 0l o| 0l 0| 1 I Oj 1 I 0| 0 

4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time: (/is): 1.6 


Signal Component 


Destination 


Operation 


EPSLL+ 128-K4 1 F TLATE L (FCYEF+){TLATE-) 


T2 

& 

T3 

aLATE+) 


L DEVELOP START MEMORY LEVEL 
R 0 ]'s -► (D) 

L (P)+ 1 LADDER, 0 * (F) 

S ADDER -(D) 


AAEMCi+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, aFTL- 
ESDTS^ 


LE/y -(M) 
0,(P) 
(D) »(P) 


(A) ^ADDER 


Vs ^(D) 
ADDER -(D) 


EASTL+, JAMKN- 


0 - 

(A), 

(D)i - 

(A), 

0 - 

(Y) 

(P) - 

(Y) 

SET F-CYCLE 

ENTRY F-F 


EIK17- 127-P5 
CLMTR- 128-P9 
CLDTR- 125-K5 

l/'O 

s — fvo 


ESDTS+ 

MMnnF- 

CLPTR- 

EDPTS+ 

EASTL+ 

JAMKN- 

CLDTR- 

ESDTS+ 

CLAIL+ 

EDA1L+ 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 


125-M4 F 
142 

129-M10 F 

129- P9 F 
127-Pl F 
127-L5 F 
125-K5 F 

125- M4 F 

130- K11 F 
130-K10 F 

129-P3 F 

129-P4 F 

126- K12 F 
150-D2 F 


TLATE 

TL1 

TL1 


TL2 

TL2 

TLATE 

TLATE 

TL3 

TL3 


L (TLATE-) 

R (MCRST+)(H0LDM-){TL1FF+) 
R {ICYEF-)(ACYEF-){TL1FF+j 

I Ar'viri::_\/Ti 1 CCJ.V 


S (ICYEF-)(ACYEF-)(TL1FF+) 
(SWnnx) (STR B-) 

R {FCYEF+)(TL2FF+){SCZRCH-) 
(MEMAC-){MCRST+) 

S (FCYEF+){TL2FF+)(SCZR{H) 
{MEMAC-)(MCSET+) 

L (EASAL-) 

L (EASAL-) 

R (TL3FF+){ACYLF-){MCRST+) 

S (TL3FF+)(I0GRP-)(MCSET+) 

L {GENOA+)(TL4FF+)(M14FF+) 
L (GEN0A+)(TL4FF+)(M14FF+) 

R (SCZR0+)(TL4FF+)(MCRST+) 

S (PISEX-)(E0INS+)(TL4FF+) 
(OPGJS-)(MCSET+) 

L (TL1FF+) (SPM0D-) {IGACY+) 

L (MEMCI+){MBSYX-) 


128-G3 101-116-A9 

127- K6 116-F7/F9 

128- P9 101-1 16-L9 

125-A6 101-116-F11 

■' 1 20— A1 

i21-A5 
125-D8 

125-A6 101-116-F5- 

F9 

ou.i>4 lui — lib — Mo 

129- E7/ 101-116-L12 

LIO 

129- E7/ 101-1 16-J11 

L9 

127-D3 101-1 16-A4 

127-D3 101-1 16-C9 

117-C1-C4-K5 
125-B6 101-1 16-F11 

125- B5 101-1 16-F5- 

F9 

130- F9 101 -L4 

130-F9 101-L7 

129-El- 101-1 16-N12 

H3-N5 

129-D4/ 101-1 16-L10 

L4 

126- F2/ 150-A2 

J12 

150-A2 150-D2 


Enable P register to 
adder 

Force carry to adder 
Clear M register 
Clear D register to 
ONES 

Q[0qj- P rogie+dr 

Clear shift counter 
Clear AZZZZFF 
Enable adder sum to 
D register 

MSuiCP/ ciatS SBX if '.to 
M register 
Clear P register 

Enable D register to 
P roister 

Enable A register to 
adder 

: Jam carry network 

' Clear D register to 
I ONES 

Enable adder sum to 
D register 

Clear A register bit 1 
Enable D register bit 1 
into A register bit 1 
Clear Y register 

Enable P register to 
Y register 

Enable memory cycle 
Start memory cycle 


NEXT INSTRUCTION 
FETCH CYCLE 


CHS 
1 CYaE 

OP CODE 140024 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CVaE ENTRY ENABLED) 


FCYEF+ 



L DEVELOP START MEMORY LEVEL AAEMCH- 

R 0 ,(M), 1‘s p) CLMTR-, CLDTR- 

L (P)+l ADDER, 0 - (F) EFSLL+, EiK17-, ClFTl- 

S ADDER -(D) ESDTS+ 



R rs^(D) CLDTR- 

S ADDER ^(D) ESDTSf 



R 0 - (A) CLATR- 

S p),_g ^ (A),_g^ p)g_^^^ (A)g_,6 EDAHSf, EDALS+ 
T4 R 6 - (Y) CLYTR- 

S (P) - (Y) EPYTS+ 

S SET F-CYCLE ENTRY F-F FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 


CMA 
1 CYaE 

OP CODE 140401 


instruction: Complement A (CMA) 

OP Code: 140401 Type: G, 1 cycle 
Description: ONE'S complement of (A) -> (A) 



Execution Time (jtts): 1.6 


Origin Cyc Tim 



128-K4 

F 

TLATE 


127-P5 

F 

TLATE 

CLMTR- 

128-re 

F 

TL1 

CLDTR- 

125-K5 

F 

tli 

CLFTL- 

125-K8 

F 

TL1 

ESDTS+ 

125-M4 

F 

TLI 

MMnn F- 

142 



CLPTR- 

1 129-M10 

F 

TL2 

EDPTS+ 

129-re 

F 

TL2 

EASTL+ 

127-PI 

F 

TLATE 

JAMKN- 

127-L5 

F 

TLATE 

CLDTR- 

125-K5 

F 

TL3 

ESDTS+ 

125-M4 

F 

TL3 

CLATR- 

122-K8 

F 

TL4 

EDAHS+ 

122-Pl 

F 

TL4 

EDALS+ 

122-P3 

F 

TL4 

CLYTR- 

129-P3 

F 

TL4 

EPYTS+ 

129-P4 

F 

TL4 

MEMC1+ 

126-K12 

F 

TLI 

COXXX+ 

150-D2 

F 1 

TLI 


Signal Component 


{FCYEF+){TLATE-) 

(TLATE-) 

(MCRST+)(HOLDM-)(TL1FF+) 
{ICYEF-)(ACYEF-){TL1FF+) 

{ICYEF-)(ACYEF-)(TL1FF+) 

{ICYEF-)(ACYEF-){TL1 FF+) 

(SWnn±)(STRB-) 

{FeYEF+)(TL2FF+)(SCZR0+) 
{MEMAC-)(MCRST+) 
(FCYEF+)(TL2FFt){SCZR0+) 
{MEMAC-)(MCSET+) 
(EASAL-) 

(EASAL-) 

R (TL3FF+)(ACYLF-)(MCRST+) 

S (TL3FF+)(I0GRP-){MCSET+) 

R (M16FF+)(GEN0A+){TL4FF+) 
{MCRST+) 

S (M16FF+){GENOA+)(TL4FF+} 
(MCSET+) 

S (M16FF+)(GENOA+)(TL4FF+) 
(MCSET+) 

R {SCZR0+)(TL4FF+){MCRST+) 

S {PISEX-)(E0INS+)(TL4FF+) 
(OPGJS-)(MCSET+) 

I (TL1FF+) (SPMOD-) (IGACY+) 

(MEMCI+)(MBSYX+) 


Origin Destination 


Operation 


128-G3 101-1 16-A9 


12?— K6 

i 28-re 

125-A6 

125-A6 


125-A6 

80.04 

128- E7/ 
L10 

129- E7/ 
L10 

127-D3 

127-D3 

125-B6 

125- B5 

122-A1/ 

J8 

122-A1/ 

J1 

122-A2 

129-E1- 

H3-N3 

129-D4/ 

L4 

126- F2 
J12 

150-A2 


ti@_F?-F9 
101-1 16-L9 
101-116-F11 

120-A1 
1 21 — A5 
125-D8 
101-116-F5- 
F9 

101-116-H8 

101-1 16-L12 

101-1 16-J11 

101-116-A4 

101-116-C9 

117-C1-C4-K5 

101-116-F11 

1 01-11 6-F5- 
F9 

101-1 16-L6 

101-108-J7 

108-1 16-J7 

101-116-N12 

101-116-L10 

150-A2 

150-D2 


Enable P register to 
adder 

Clear M register 

Clear D register to 
ONES 

Clears F register 

bull I. S,# will 

Clear AZZZZFF 

Enable adder sum to 
D roister 

Memory data set into 
M register 

Clear P register 

Enable D register to 
P roister 

Enable A register to 
adder 

Jam carry network 

Clear D register to 
ONES 

Enable adder sum to 
D register 

Clear A register 

Enable D register to 
Ad -8) 

Enable D register to 
A{9-16) 

Clear Y register 

Enable P register to 
Y register 

Enable memory cycle 

Start memory cycle 
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ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 

CRA 
1 CYaE 

NOTE: MISSING SIGNALS CAN BE ' OP CODE 140040 

FOUND IN CRA ANALYSIS. 


2 


EPSLL+ 128-K4 

EIK17+ 127-P5 
CLMTR- 128-P9 
CLDTR- 125-K5 

riPTi- I'jp—k’R 


ESDTS+ 125-M4 

CLPTR- 129-M10 
EDPTS+ 129-P9 

GLDTR- 125-K5 

CLATR- 122-K8 
CLYTR- 129-P3 

EPYTS+ 129-P4 

MEMCI+ 126-K12 
COXXX+ 150-D2 
FCYEF+ 119-F10 


TLATE 

TL1 

TL1 


L (FCYEF+)(TLATE-) 

L (TLATE-) 

R (MCRST+)(H0LDM-)(TL1FF+) 
R (ICYEF-){ACYEF-)(TL1FF+) 

I nrvFF-WAnvFP-VfTi iff+\ 


S (ICYEF-){ACYEF-){TL1FF+) 
(SWnn±) (ST R B-) 

R (EDPTR+)* 

S {EDPTR+)* 

R (TL3FF+){ACYLF-) 

R (CLATL+){MCRST+)** 

R {ACYNX-)(TL4FF+)(MCRST+) 

S (PISEX-){EOINS+)(TL4FF+) 
(OPGJS-) 

L (MEMCI-)*** 

L {MEMCI+)(MBSYX-) 

L (Set: (TL4FF+)(EOINS+)) 


128-G3 f 101-1 16-A9 


127- K6 

128- P9 
125-A6 


125-A5 


129-J9 

129-J9 


116-F7/F9 
101-1 16-L9 
101-1 16-Fll 

120- Al 

121- A5 
125-D8 

1 01-11 6-F5- 
F9 

101 —1 16— H8 

101-1 16-L12 
101-1 16-J11 


125-C6 101-116-F11 


122-J8 

129-H3/ 

N3 

129-04/ 

L4 

126-G11 
150-A2 
1 19-010 


101-1 16-L6 
101-116-N12 

101-116-L10 

150-A2 

150-02 

119-H9 


Enable P register to 
adder 

Force carry-in to bit 1 6 
Reset M register 
Clear 0 register to 
ONES 

R®et F register 
Reset shift counter 
Reset AZZZZ+ 

Enable adder sum to 
0 roister 

^3^2 S3v snio 
M register 
Reset P register 
Enable 0 roister into 
P register 
Clear 0 register to 
ONES 

Reset A register 
R^et Y register 

Enable P register into 
Y register 

Enable memory cycle 
Start memory cycle' 
Enable set FCYLF+ at 
nextTL1FF+ 


^(E0PTL+) @ 129-J9 = (FCYEF+)(TL2FF+)(SCZRO+)(MEMAC-) @ 129-E7 

‘(CLATL+) @ 122-G6= {GENOA+)(M11FF+){TL4FF+) @ 122-C4 

‘(MEMCI-) @ 126-G2 = (TLlFF+)(SPMOO-)((IOGRP+)(FCYLF+)-) @ 126-F12/C12 


















ENTER FROM PREVIOUS OPERATION 
( FETCH CYCLE ENTRY ENABLED ) 



MEMCH- 

aMTR-, aDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTSi- 


MAAnnF- 

CLPTR- 

EDPTS+ 


SETPERMA+ 

aYTR- 

EPYTS+ 

MEMa+ 

FCYEF+ 


NEXT INSTRUCTION 
FETCIJCYaE 

FCYEF+ OF NEXT 
INSTRUCTION SETS 

INTERRUPT aip-aop 


ENB 

1 CYCLE 

OP CODE 000401 


instruction: Enable Program Interrupt (ENB) 

OP Code: 000401 Type: G, 1 cycle 
Description: Set machine status to permit interrupt 


Signal 

Origin 

Cyc 

Tim 

EPSLL+ 

128-K4 

F 

TLATE 

EIK17- 

127-P5 

F 

TLATE 

CLMTR- 

128-P9 

F 

TL1 

CLDTR- 

125-K5 

F 

TL1 

CLFTL 

125— KS 

F 

TL1 

ESDTS+ 

125-M4 

F 

TL1 

mmiii.. • 

142 



CLPTR- 

129-M10 

F 

TL2 

EDPTS+ 

129-P9 

F 

TL2 

PEMIL- 

134-A4 

F 

TL4 

CLYTR- 

129-P3 

F 

TL4 

EPYTS+ 

129-P4 

F 

TL4 

MEMCI+ i 

126-K12 

F 

TL1 

COXXX+ 

150-D2 

F 

TL1 


1 0| OM 

1 2 3 

Signal Component 


R (MCRST+)(HOLDM-)(TL1FF+J 
R (ICYEF-)(ACYEF-){TL1FF+) 

I /inVFF-lfAr.YFP-UTI 1 FF+I 


{ICYEF-)(ACYEF-)(TL1 FF+) 

{SWr!r!±){STRB-) 

{FCYEF+)(TL2FF+)(SCZRO+) 
(MEMAC-){MCRST+) 
(FCYEF+){TL2FF+)(SCZRCH-) 
(MEMAC-)(MCSET+) 
{GENOB+) (TL4F F+) (M08FF+) 
(SCZRO+) (TL4F F+) (MCRST+) 

(PISEX-){EOINS+)(TL4FF+) 
{OPGJS-)(MCSET+) 
(TL1FF+)(SPMOD-) (IGACY+) 

(MCSET+){MEMCI+)(MBSYX-) 


Op I Q| 0 . 1 0 | OIL 

4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time {/Its): 1.6 


Origin 

Destination 

Operation 

128-G3 

101-1 16-A9 

Enable P register to 



adder 

127-K6 

116-F7-F9 

! Force carry to adder 

128-P9 

101-1 16-L9 

Clear M register 

125-A6 

101-116-F11 

Clear D register to 


. 

ONES 

125— A6 

120-A1 

Clear F register 


i21-A5 

Clear shift counter 


125-D8 

Clear AZZZZFF 

125-A6 

101-116-F5- 

Enable adder sum to 


F9 

80.04 101-116-HS 

129-E7/ 101-116-L12 

LIO 

129-E7/ 101-116-J11 

LIO 

134-A4 134-C4 

129-El/ 101-116-N12 

H3 

129-D4 101-116-L10 

126-F12/ 150-A2 
J12 

150-A2 150-D2 


D register 

Memory data set into 
M register 
Clear P register 

Enable D register to 
P register 
Permit interrupt 
Clear Y register 

Enable P register to 
Y register 

Enable memory cycle 
Start memory cycle 
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NEXT INSTRUaiON 
FETCH CVaE 


HLT 

OP CODE 000 000 


NOTE: MISSING SIGNALS CAN BE 
FOUND IN HLT ANALYSIS 


Instruction: Halt (HLT) 

OP Code: 000000 Type: G, 1.5 cycles 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


De«:ription: Set machine to halt mode ExecOtion Time 0»): 2.4 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF+)(TLATE-) 

128-G3 

101-116-A9 

Enable P roister to 









adder 

Flfc^17- 

107— PR 

F 

T! ATF 

L 

/T! ATF-' 


11^ c-7/cn 


CLMTR- 

128-P9 

F 

TL1 

R 

iMCRST+)(HOLDM-J(TL1FF+) 

128-P9 

101-1 16-L9 

Clear M register 

CLDTR- 

125-K5 

F 

TL1 

R 

(ICYEI^KACYEF-){TL1 FF+) 

125-A6 

101-1 16-F11 

Cl^ D register to 









ONES 

CLFTL- 

125-K8 

F 

TL1 

L 

(ICYEF-){ACYEF-){TL1FF+) 

125-A6 

121-A5 

Clear shift counter 








120— A1 

Clear F roister 








125-D8 

OearAZZZZFF 

ESDTS+ 

125-M4 

F 

TL1 

S 

{ICYEF-)(ACYEF-)(TL1FF+) 

125-A6 

101-1 16-F5- 

Enable adder sum to 








F9 

D register 

MMnnF- 

142 




(SWnn±)(STRB-) 

80.04 

101-116-H8 

Memory data set into 









M register 

CLPTR- 

129-M10 

F 

TL2 

R 

(EDPTR+){MCRST+) 

129-J9 

101-116-L12 

Clear P register 

EDPTS+ 

129-P9 

F 

TL2 

S 

(EDPTR+)(MCSET+) 

129-J9 

101-1 16-J11 

Enable D register to 









P register 

EASTL+ 

127-PI 

F 

TLATE 

L 

(GENOP+)(TLATE+){M01 FF-) 

127-C3 

101-116-A4 

Enable A register to 









adder 

EMSHL+ 

127-P9 

F 

TLATE 

L 

{GENOP+)(TLATE+){M01 FF-) 

127-K10 

101-107-A9 

Enable M(1-7) to adder 

ENSHL+ 

127-P8 

F 

TLATE 

L 

{GENOP+)(TLATE+)(M01 FF-) 

127-K10 

101-107-A10 

Enable M-{1-7) to adder 

EMSLL+ 

127-P1 1 

F 

TLATE 

L 

(GENOP+}(TLATE+}(M01 FF-) 

127-K10 

108-1 16-A9 

Enable M(&16) to adder 

ENSLL+ 

127-P7 

F 

TLATE 

L 

(GENOP+){TLATE+)(M01 FF-) 

127-K10 

108-1 16-A10 

Enable M-{8-16) to adder 

CLDTR- 

125-K5 

F 

TL3 

R 

(TL3FF+)(ACYLF-)(MCRST+) 

125-B6/ 

101-1 16-F 11 

Clear D register to 







J5 


ONES 

ESDTS+ 

125-M4 

F 

TL3 

S 

{TL3FF+)(!OGRP^HMCSET+) 

125-B5/ 

101-1 16-F5- 

Enable adder sum to 







J4 

F9 

D register 

EICTS- 

125-K9 

F 

TL3 

s 

(GEN0B+)(TL3FF+)(M16FF-) 

125-B9/ 

121-A8 

Set shift counter to ait 






(MCSET+)(AZZZZ-) 

J9 


ONES 








126-F10 

Repeat TL2 {RPTT2+) 

SETAZ+ 

125-M7 

F 

TL3 

«- 

(GENOB+)(TL3FF+)(M16FF-) 

125-B9 

125-L8 

SetAZZZZFF 

RUNFF- 

126-M2 

F 

TL2 

R 

(MCRST+)(TL2FF+)(GENOB+) 

126^3 

126-N2 

Reset RUNFF 





- 

(M16FF-)(SCZRQ-){RESTR-) 




INCSC+ 

126-P5 

F 

TL2 

L 

{FCYEF+)(TL2FF+) 

126-L5 

121-A4 

Enable increment shift 









counter 






Depress and release START button 




RUNFF+ 

126-M3 




(RDYFF-) (START-) 

126-D3 

126-L3 

Set RUNFF 




Repea 

tTLA 

TE and TL3 with entry to TL4 (SCZRO 

+)(RPTT2-) 



CLYTR- 

129-P3 

F 

TL4 

R 

{ACYNX-){TL4FF+){MCRST+) 

129-H3/N3 

101-116-N12 

Clear Y regista- 

EPYTS+ 

129-P4 

F 

TL4 

S 

{PISEX-){EOINS+){OPGJS-) 

129-D4 

101-116-L10 

Enable P register to 









Y register 

MEMCI-f 

126-K12 

F 

TL1 

L 

(TL1 FF+)(SPMOD-)(IGACY+) 

126-F2/ 

150-A2 

Enable memory cycle 







J12 



COXXX+ 

150-D2 

F 

TL1 

L 

(MEMCI+){MBSYX-) 

150-A2 

150-D2 

Start memory cycle 
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NEXT INSTRUCTION 
FETCH CYCLE 


NOTE: MISSING SIGNALS CAN BE 
FOUND IN lAB ANALYSIS 


lAB 

1 CYaE 

OP CODE 000201 


Instruction: Interchange A and B (lAB) j 

0 

0 

C 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

OP Code; 000201 Type: Generic, 1 cyde 

1 

2 

3 4 5 6 7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Description: (A) ^ (Bj Execution Time {/is); 1.6 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF+) (TLATE-) 

128-G3 

101-116-A9 

Enable P register to 

EIK17- 

127-P5 

F 

TLATE 

L 

(TLATE-) 

127-K6 

116-F7/F9 

adder 

Force carry-in to bit 16 

CLMTR- 

128-P9 

F 

TL1 

R 

(MCRST+)(HOLDM-)(TL1 FF+) 

128-P9 

101-116-L9 

Reset M register 

CLDTR- 

125-K5 

F 

TLl 

R 

{ICYEF-)(ACYEF-)(TL1FF+) 

125-A6 

101-116-F11 

Clear D register to 

CLFTL- 

125-K8 

F 

TL1 

L 

{1CYEF-)(ACYEF-)(TL1FF+) 

125-A6 

120-A1 

ONES 

Reset F register 

ESDTS+ 

125-M4 

F 

TLATE 

S 

(ICYEF-)(ACYEF-)(TL1FF+) 

125-A6 

121-A5 

125-D8 

101-1 16-F5- 

Reset shift counter 

Reset AZZZZ+ FF 

Enable adder sum to 

MMnn F- 

CLPTR- 

142 

1 29-MI 0 

F 

TL2 

R 

(SWnn±)(STRB^) 

{EDPTR+)* 

80.04 

129-J9 

F9 

101-1 16-H8 

101-116-L12 

D register 

Memory data set into 

M register 

Reset P register 

EDPTS+ 

129-P9 

F 

TL2 

S 

(EDPTR+)* 

129-J9 

101-1 16-J11 

Enable D register into 

EASTL+ 

127-Pl 

F 

TLATE* 


(GENOP+)(TLATE+)(M01FF-) 

127-C3 

101-1 16-A4 

P register 

Enable A register to 

EMSLL+ 

127-P11 

F 

TLATE* 


(GENOP+)(TLATE+){M01 FF-) 

127-K10 

108-1 16-A9 

Enable M(8-16) to adder 

EMSHL+ 

127-P9 

F 

TLATE* 


(GENOP+)(TLATE+)(M01FF-) 

127-K10 

101-107-A9 

Enable M{1-7) to adder 

ENSLL+ 

127-P7 

F 

TLATE* 


(GENOP+)(TLATE+)(M01FF-) 

127-K10 

108-1 16-A10 

Enable M-(8-T6) to adder 

ENSHL+ 

127-P8 

F 

TLATE* 


(GENOP+)(TLATE+)(M01FF-) 

127-10 

101-107-A10 

Enable M— (1-7) to adder 

CLDTR- 

125-K5 

F 

TL3 

R 

(TL3FF+){ACYLF-) 

125-B6 

101-1 16-F11 

Clear D register to 

CLETR- 

125-K2 

F 

TL3 

R 

(TL3FF+)(GENOP+)(M01FF-) 

125-B1/ 

101-1 16-N2 

ONES 

Reset E register 

ESDTS+ 

125-M4 

F 

TL3 

S 

{M09FF+) 

{TL3FF+)(IOGRP-) . 

A1 

125-B5 

101-1 16-F5- 

Enable adder sum into 

EBETS+ 

125-MI 

F 

TL3 

S 

(TL3FF+){GENOP+)(M01 FF-) 

125-B1 

F9 

101-116-L3 

D register 

Enable B register into 

CLYTR- 

129-P3 

F 

TL4 

R 

[{M09FF+) @125-A1] 
(ACYNX-)(TL4FF+){MCRST+) 

129-H3/ 

N3 

101-116-N12 

E register 

Reset Y register 

CLATR- 

122-K8 

F 

TL4 

R 

(CLATL+)*** 

122-G6 

101-116-L6 

Reset A register 

CLBTR- 

123-M6 

F 

TL4 

R 

{M5G4G-)*** 

122-G2 

101-1 16-L2 

Reset B roister 

EEATS+ 

122-P4 

F 

TL4 

S 

(M5G4G-)*** 

122-G2 

101-1 10-J4 

Enable E(1-10) into 

EEALS+ 

122-K5 

F 

TL4 

S 

(M5G4G-)*** 

122-G2 

111-116-J4 

A(1-10) 

Enable E(11-16) into 

EDBTS+ 

123-P2 

F 

TL4 

s 

(M5G4G-)*** 

123-G2 

101-1 16-J3 

A(11-16) 

Enable D registo* into 

FCYEF+ 

119-G10 

F 

TL4 

L 

(Set: (TL4FF+)(EOINS+)) 

119-C10 

119-JlO 

B register 

Enable set FCYLF+ at 

EPYTS+ 

129-P4 

F 

TL4 

s 

(PISEX-)(EOINS+)(TL4FF+) 

129-D4 

101-1 16-LlO 

next TLl FF+ 

Enable P register into 

MEMCI+ 

126-K12 

F 

TLl 

L 

(OPGJS-) 

(TL1FF+) (SPMOD-) (IGACY+) 

126-G11 

150-A2 

Y register 

Enable set RCYF1+ 

COXXX+ 

150-D2 

F 

TLl 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 

*EDP1 

*’TLA- 

***CLA' 

rR+@ 129-J 
rE+ = ((TL2F 
rL+@ 122-F 

19 -(F 
=F-)V 
=7 = (IV 

CYEF+)(TI 
(TL3FF-)) 
I5G4G-) @ 

_2FF+ 
@ 118 
122- 

){SCZRO+)(MEMAC-) @ 129-E7 
-B7 

F6 = (GENOB+)(TL4FF+)(M09FF+) @ 

123-F2 
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♦ 

NEXT INSTRUCTION 
FETCH CYCLE 


NOTE: MISSING SIGNALS CAN BE 
FOUND IN ICA ANALYSIS 


ICA 

1 CYCLE 

OP CODE 141340 


Instruction: interchange >ialves (ICA) 
OP Code: 141340 Type: G, 1 cycle 



Description: (A) (A)g_^g 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


9-16 ^^^-8 Execution Time {/^): 1.6 


Signal 

Origin 

Cyc 

Tim 

Cik 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF+KTLATE-) 

128-G3 

101-1 16-A9 

Enable P register to 

EIK17- 

127-P5 

F 

TLATE 

L 

(TLATE- J 


11K F7/FQ 

adder 

CLMTR- 

128-P9 

F 

TL1 

R 

(MCRST+)(HOLDM-)(TL1 FF+) 

128-P9 

101-1 16-L9 

Clear M register 

CLDTR- 

125-K5 

F 

TL1 

R 

(ICYEF-)(ACYEF-){TL1FF+) 

125-A6 

101-1 16-F11 

Clear D regista* to 

JAMKN- 

127-L5 

F 

TL1 

L 

[(TLATE+){ACYEF+)]- 

127-C3 

127-N5 

ONES 

Implement EIK17- 

CLFTL- 

125-K8 

F 

TL1 

L 

(!CYEF-){ACYEF-)(TL1FF-!-) 

■ 

*10^1 AC 

1^ 1 — 

WICCH SlIIIL UUdillCf 

ESDTS+ 

125-M4 

F 

TL1 

S 

{ICYEF-)(ACYEF-)(TL1 FF+) 

125-A6 

120-A1 

125-D8 

101-1 16-F5- 

Clear F register 

Clear AZZZZ FF 

Enable adder sum to 

MMnnF- 

CLPTR- 

142 

129-M10 

F 

TL2 

R 

(SWnn±)(STRB-) 

(EDPTR+){MCRST+) 

80.04 

129-J9/ 

F9 

101-1 16-H8 

101-1 16-L12 

D register 

Memory data tet into 

M register 

Clear P register 

EDPTS- 

129-P9 

F 

TL2 

S 

(EDPTR+){MCSET+) 

M10 

129^9/ 

101-1 16-J11 

Enable D register into 

EASTL+ 

127-PI 

F 

TLATE 

L 

<GENOP+)(TLATE+)(M02FF+) 

M9 

129-C3 

101-116-A4 

P roister 

Enable A register to 

CLDTR- 

125-K5 

F 

TL3 

R 

(TL3FF+)(ACYLF-) 

125-P6 

101-1 16-Fll 

adder 

C^ear D register to 

ESDTS+ 

125-M4 

F 

TL3 

S 

(TL3FF+)(IOGRP-) 

125-B5 

101-116-F5- 

ONES 

Enable adder sum to 

EMSHL+ 

127-P9 

F 

TLATE+ 

L 

(GENOP+)(TLATE+)(M02FF+) 

127-K10' 

F9 

101-108-A9 

D register 

Enable M(1-7} to adder 

ENSHL+ 

127-P8 

F 

TLATE+ 

L 

{GENOP+){TLATE+)(M02FF+) 

127-K10 

101-108-A10 

Enable M-(l*7) to adder 

EMSLL+ 

127-P1 1 

F 

TLATE+ 

L 

(GENOP+){TLATE+)(M02FF+) 

127-K10 

109-1 16-A9 

Enable M(^16) to adder 

ENSLL+ 

127-P7 

F 

TLATE+ 

L 

(GEN0P+)(TLATE+)(M02FF+) 

127-K10 

109-1 16-AlO 

Enable M-(8-16) to adder 

JAMKN- 

127-L5 

F 

TLATE+ 

L 

(GENOP+)(M01 FF+)(M02FF+) 

127-L3 

101-1 16-C9 

Force cary network to 

CLATR- 

122-K8 

F 

TL4 

R 

{GENOA+)(M1 1 FF+)(TL4FF+) 

122-C4 

117-C1-C4-K5 

101-116-L6 

ZERO 

Clear A register 

CLYTR- 

129-P3 

F 

TL4 

R 

(ACYNX-)(TL4FF+){MCRST+) 

129-H3 

101-116-N12 

CJear Y register 

ETALS+ 

122-P7 

F 

TL4 

S 

(GENOA+){M10FF+)(M11FF+) 

122-C4/ 

109-1 16-J7 

Enable D{1-8) into 

ETAHS+ 

122-P6 

F 

TL4 

S 

(GENOA+)(M09FF+){M1 1FF+) 

J7 

122-C4/ 

101-108-J7 

A(9-16) 

Enable D(9-16) into 

EPYTS+ 

129-P4 

F 

TL4 

S 

(PISEX-)(EOINS+)(OPGJS-) 

J6 

129-D4 

101-116-L10 

A(1-8) 

Enable P register to 

MEMCI+ 

126-K12 

F 

TL1 

L 

(TL4FF+)(SPMOD-) {IGACY+) 

126-F2/ 

J12 

150- A2 

150- A2 

Y register 

Enable m^ory cycle 

COXXX+ 

150-D2 

F 

TL1 

L 

{MEMCI+)(MBSYX-) 

150-D2 

Start memory cycle 
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NEXT INSTRUCTION 
FETCH CYCLE 


NOTE: 


MISSING SIGNALS CAN BE 
FOUND IN ICL ANALYSIS 


ICL 

1 CYaE 

OP CODE 141140 


Instruction: Interchange and Clear Left Half (ICL) 
OP Code: 141140 Type: G, 1 cyde 
Description: ( A) ^ _g ^ ^^^9-16 
0-^ (A)i_8 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (jUs): 1.6 


Signal 


Origin 


EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 

CLFTL- 


ESOTS+ 

MMnn F- 

CLPTR- 

EDPTS- 

ESDTS+ 

EMSHL+ 

ENSHL+ 

EMSLL+ 

ENSLL+ 

JAMKN- 

EASTL+ 

CLDTR- 

CLATR- 

CLYTR- 

ETALS+ 

EPYTS+ 

MEMCI+ 

COXXX+ 


128-K4 

127- P5 

128- P9 
125-K5 
125-K8 


125-M4 

142 

129-MlO 

129-P9 

125- M4 

127-P9 
127-P8 
127-P1 1 
127-P7 
127-L5 

127-Pl 

127-K5 

122-K8 

129-P3 

122-P7 

129-P4 

126- J11 
150-D2 


Cyc 


Tim 


I LA I E 

TLATE 

TL1 

TLl 

TL1 


TLl 

TL2 

TL2 

TL3 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TL3 

TL4 

TL4 

TL4 

TL4 

TLl 

TLl 


Clk 


Signal Component 


(FCYEFt) (TLATE-) 

(TLATE-) 

(MCRST+){HOLDM-}(TL1FF+) 
(ICYEF-){ACYEF-)(TL1FF+) 
{ICYEF-)(ACYEF-)(TL1 FF+) 


(ICYEF-)(ACYEF-)(TL1FF+) 

(SWnn±)(STRR-) 

(EDPTR+)(MCRST+) 

(EDPTR+)(MCSET+) 

(TL3FF+)(IOGRP-) 

(GENOP+)(TLATE+){M02FF+) 

(GENOP+)(TLATE+)(M02FF+) 

(GENOP+)(TLATE+)(M02FF+) 

(GENOP+){TLATE+)(M02FF+) 

(GENOP+)(M01FF+)(M02FF+) 

(GENOP+){TLATE+)(M02FF+) 

(TL3FF+)(ACYLF-) 
(GENOA+)(M11FF+)(TL4FF+) 
(ACYNX-)(TL4FF+)(MCRST+) 
(G ENO A+) ( M 1 0F F+) (M 1 1 F F+) 

(PISEX-){EOINS+){OPGJS-) 

(TL4FF+)(SPMOD-) (IGACY+) 

(MEMCI+)(MBSYX-) 


Origin 


128-G3 

127- K6 

128- P9 
125-A6 
125-A6 


125-A6 

80,04 

129-J9/ 

MIO 

129-J9/ 

M9 

125-B5 

127-K10 

127-K10 

127-K10 

127-K10 

127-L3 

129-L3 

125- P6 
122-C4 
129-H3 
122-C4/ 

J7 

129-D4 

126- F2/ 
J12 

150- A2 


Destination 


101-1 16-A9 

116- F7-F9 
101-1 16-L9 
101-1 16-F11 

120- Al 

121 - A5 
12b-uS 

101-116-F5- 

F9 

101-116-H8 

101-1 16-L12 

101-1 16-J11 

101-1 16-F5- 
F9 

101-108-A9 
101-108-A10 
109-1 16-A9 
109-1 16-AlO 
101-1 16-C9 

117- C1-C4-K5 
101-116-A4 

101-1 16-F11 
101-1 16-L6 
101-1 16-N12 
109-1 16-J7 

101-116-L10 

150-A2 

150-D2 


Operation 


Enable P register to 
adder 

Force carry to adder 
Clear M register 
Clear D registo" to ONEs 
Clear F register 
CIrar shift counter 
Clear AZZZZ FF 

Enable adder sum to 
D register 

Memory data set into 
M register 
Clear P register 

Enable D register into 
P roister 

Enable adder sum to 
D register 

Enable M(l-7) to adder 
Enable M-(1-7) to adder 
Enable M(8-16) to adder 
Enable M-{8-16) to ^der 
Force carry network to 
ZERO 

Enable A register to 
adder 

Clear D register to ONEs 
Clear A register 
Clear Y register 
Enable D register (1-8) 
into A register (9-16) 
Enable P register to 
Y register 

Enable memory cycle 
Stert memory cycle 
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ENTCR FROM PREVIOUS OPERATION FCYEFt 

(FETCH CYCLE ENTRY ENABLED) 




ICR 

1 CYaE 
OP CODE 141240 


NEXT INSTRUCTION 
FETCH CYCLE 


NOTE: MISSING SIGNALS CAN BE 
FOUND IN ICR ANALYSIS 
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Instruction; inhibit Program Interrupt (INH) 

OP Code: 001001 Type: G, 1 cycle 
Description; Set machine status to inhibit int^rupt 


1 °! 


Q 

0 

0 

0 


0 

0 

0 

0 1 

0 

1 

2 3 4 5 6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Execution Time {[is): 1.6 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF+)(TLATE-) 

128-G3 

101-116-A9 

Enable P register to 
adder 

EIK17- 

127-P5 

F 

TLA.TE 

L 

(TLATE-) 

127-K6 

116-F7/F9 

Force carry to adder 

CLMTR- 

128-P9 

F 

TL1 

R 

{MCRST+)(HOLDM-){TL1FF+) 

128-P8 

101-116-L9 

Clear M register 

CLDTR- 

125-K5 

F 

TL1 

R 

( 1 CYE F- ) { ACYE } (TLI F F+) 

125-A6 

101-116-F11 

Clear D register to 

ONES 

CLFTL- 

125-K8. 

F 

TL1 

L 

(ICYEF-)(ACYEF-){TL1FF+j 

125-A6 

120- Al 

121- A5 

125-D8 

Clear F register 

Clear shift counter 

Qear AZZZZ FF 

ESDTS+ 

MMnnF- 

125-M4 

142 

F 

TL1 

S 

(ICYEF-){ACYEF-){TL1FF+) 

{SWnn±)(STRB-) 

125-A6 

80.04 

101-116-F5- 

F9 

101-1 16-H8 

Enable adder sum to 

D register 

Memory data set into 

M register 

CLPTR- 

129-M10 

F 

TL2 

R 

(FCYEF+)(TL2FF+){SCZRO+) 

{MEMAC-)(MCRST+) 

129-E7/ 

L10 

101-116-L12 

Clear P register 

EDPTS+ 

129-P9 

F 

TL2 

S 

{FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-)(MCSET+) 

129-E7/ 

L9 

101-116-J11 

Enable D register to 

P register 

CLPMI 

134-A5 

F 

TL3 

S 

(GENOB+)(M07FF+)(TL3FF+) 

{MCSET+) 

134-A5 

134-F5 

Inhibit into'rupt 

CLYTR- 

129-P3 

F 

TL4 

R 

(SCZRO-)(TL4FF+)(MCRST+) 

129-E1- 

H3-N3 

101-116-N12 

Clear Y register 

EPYTS+ 

129-P4 

F 

TL4 

S 

(PISEX- ) (EO 1 NS+) {TL4F F+) 
(OPGJS-){MCSET+) 

129-D4 

101-1 16-L10 

Enable P register to 

Y register 

MEMCI+ 

126-K12 

F 

TL1 

L 

{TL1FF+)(SPMOD-) {IGACY+) 

126-F2/ 

J12 

150- A2 

Enable memory cycle 

COXXX+ 

150-D2 

F 

TL1 

L 

{MEMCt+)(MBSYX-) 

150- A2 

150-D2 

Start memory cycle 
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FCYER- 


MEMC1+ 

CLMTR-, aOTR- 
EPSLL+, EIK17-^ aPTL- 
ESDTSf 


MMnnF- 

CLPTR- 

EDPTS+ 


EASTL+ (SEE NOTE) 


CLDTR- 

ESDTS+ 


INKOP+ 

EEALSf 

aATR-, CLYTR- 
EPYTS+ 


INK 

1 CYCLE 

OP CODE 000043 


Instruction: Input Keys (INK) 
Opcode: 000043 
Description: (C) -> 


Type: G, 1 cyde 

(HW1)->A3 
(A) 


0 

H 

0 

1 

0 

0 

0 

□ 

□ 

8 

9 

10 

11 

12 

13 

14 

15 

16 


(DP Mode) A, 

^ Shift count -» (A)-|2-16 


5 6 7 

Exeoition Time C/xs): 1.6 


Signal 

Origin 

Cyc 

Tim 

Cik 

Signal Comporwnt 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE- 

L 

(FCYEF+) (TLATE-) 

128-G3 

101-1 16-A9 

Enable P register to 









adder 

cthr-ti- 

1 0'T—PK 

c 

Tl ATP- 

1 

fTI ATP-» 

197_Kfi 

11R_F7/Fq 

ForfM rjwTv to adder 

CLFTL- 

125-K8 

F 

TL1 

L 

(ICYEF-)(ACYEF-)(TL1 FF+) 

125-A6 

120-AL 

Reset F register 








121-A5 

Reset shift counter 








125-D8 

Reset AZZZZ FF 

CLMTR- 

128-P9 

F 

TL1 

R 

(MCRST+)(HOLDM-)(TL1 FF+) 

128-P8 

101-1 16-L9 

Reset M register 

r\~rQ^ 
ouL/ 1 n“ 

125-K5 

F 

*ri 1 

P 

'!CYEF-''ACYEF-''TL1FF+' 

125-A6 

IQI—IIR—FII 

Clear 0 register to 






(MCRST+) 



ONES 

ESDTS+ 

125-M4 

F 

TL1 

S 

(ICYEF-)(ACYEF-)(TL1FF+) 

125-A6 

101-116-F5- 

Enable adder %im to 






(MCSET+) 


F9 

D register 

MMnnF- 

142 




(SWnn±)(STRB-) 

80.04 

101-116-H8 

Memory data at into 









M register 

CLPTR- 

129-M10 

F 

TL2 

R 

(FCYEF+){TL2FF+)(SCZRO+) 

129-E7/ 

101-1 16-L12 

Clear P register 






(MEMAC-)|MCRST+) 

L10 



EDPTS+ 

129-P9 

F 

TL2 

S 

(FCYEF+)(TL2FF+){SCZRO+) 

129-E7/ 

101-116-J11 

Enable D register into 






(MEMAC-)(MCSET+) 

L10 


P register 

EASTL+ 

127-PI 

F 

TLATE 

L 

(GENOP+)(TLATE+)(M01 FF-) 

127-K10 

101-1 16-A4 

Enable A register to 









adder 

EMSHL+ 

127-P9 

F 

TLATE 

L 

(GENOP+)(TLATE+)(M01 FF-) 

127-K10 

101-107-A9 

Enable M(1-7) to adder 

ENSHL+ 

127-P8 

F 

TLATE 

L 

(GENOP+)(TLATE+)(M01 FF-) 

127-K10 

101-107-A10 

Enable M-(1-7) to adder 

EMSLL+ 

1 27-P1 1 

F 

TLATE 

L 

(GENOP+)(TLATE+)(M01 FF-) 

127-KlO 

107-1 16-A9 

Enable M(8-16) to adder 

ENSLL+ 

127-P7 

F 

TLATE 

L 

(GENOP+){TLATE+)(M01 FF-) 

127-KlO 

108-1 16-A10 

Enable M-(8-16) to adder 

CLDTR- 

125-K5 

F 

TL3 

R 

(TL3FF+)(ACYLF-)(MCRST+) 

125-B6 

101-116-F11 

Clear D register to 









ONES 

ESDTS+ 

125~M4 

F 

TL3 

S 

(ESDTB-)(MCSET+) 

125-C5/ 

101-1 16-F5- 

Enable adder sum to 







J4 

F9 

D register 

INKOP+ 

122-P9 

F 

TL4 

L 

(GENOB+)(M11FF+){M15FF+) 

122-J9 

101-103-N6 

CBITF into Ai 






(TL4FF+) 



DPMOD Into A 2 









PMINDintoAa* 

EEALS+*^ 

122-K5 

A 

TL4 

L 

(GENOB+)(M1 1 FF+){TL4FF+) 

122-C5 

111-116-J4 

Enable E(11-16) into 









A(11-16) 

CLATR-* 

^ 122-K8 

A 

TL4 

R 

(GENOB+)(M1 1 FF+)(TL4FF+) 

122-C5/ 

101-116-L6 

Clear A register 






(MCRST+) 

J8 

124-N4 


CLYTR- 

129-P3 

F 

TL4 

R 

(ACYNX-) (TL4FF+) (MCRST+) 

128-H3 

101-1 16-N12 

Clear Y register 

EPYTS+ 

129-P4 

F 

TL4 

S 

(PISEX-)(EOINS+)(OPGJS-) 

129-D4/ 

101-1 16-L10 

Enable P roister to 






{MCSET+) 

L4 


Y register 

MEMCI+ 

126-K12 

F 

TL1 

L 

(TL1 FF+)(SPMOD-) (IGACY-) 

126-F2/ 

150-Cl 

Enable set RCYF1+ 







J12 



COXXX+ 

150-D2 

F 

TL1 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 

^Applicable only wh 

en corr 

iputer is eq 

uipped with Memory Expansion Option. 




Applic 

able only wh 

en con 

iputer is eq 

uippec 

with high speed Arithmetic Unit Optior 

1. 
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Instruction: 

No Operation (NOP) 

T 

0 1 

3 


.0 

0 

0 

0 

0 

0 

0 

OP Code: 

101000 Type: G, 1 cycle 

1 

2 3 4 5 6 7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Description: No operation Execution Time (jus): 1.6 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


TLATE 

TLATE 

TL1 

TL1 

TL1 


TL1 

TL2 

TL2 

TL3 

TL3 

TL4 

TL4 

TL1 

TL1 


{FCYEF+} (TLATE-} 

(TLATE-) 

(MCRST+)(H0LDM-)(TL1FF+) 

(iCYEF-}(ACYEF-)(TL1FF+} 

(ICYEF-)(ACYEF-)(TL1FF+) 


(ICYEF-(ACYEF-)(TL1FF+) 

(SWnn±)(STRB-) 

(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAC-)(MCRST+) 

(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAC-)(MCSET+) 

(SKGRP+) 

(SKGRP+) 

(TL3FF+)(ACYLF-)(MCRST+) 

(I0GRP-)(TL3FF+)(MCSET+) 

(ACYLF-)(TL4FF+)(MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 
(OPGJS-)(MCSET+) 
(TL1FF+)(SPM0D-) (IGACY+) 

,(MEMCI+)(MBSYX-) 


12S-G3 

127- K6 

128- P8 
125-A6 

125-A6 


125-A6 

80.04 

129-E7/ 

L10 

129-E7/ 

L10 

128- J4 

127-K6 

125-B6 

125- B5/ 
J5 

129- El/ 
N3 

129-D4/ 

L4 

126- F2/ 
J12 

150-/i5 


101-1 15-A9 

116-F7-F9 

101-116-L9 

101-116-F11 

120- Al 

121- A5 
125-D8 
101-1 16-F5- 

F9 

101-1 16-H8 

101-116-L12 

101-116-J11 

101-1 16-A9 

116-F7-F9 

101-116-F11 

101-1 16-F5- 
F9 

101-116-N12 

101-116-L10 

150-^2 

150-D2 


Enable P roister to 
adder 

Force carry to adder 
Clear M register 
Clear D register to 
ONES 

Clear F register 
Clear shift counter 
Clear AZZZZ FF 
Enable adder sum to 
D register 

Memory data set into 
M register 
Clear P register 

Enable D register to 
P register 

Enable P register to 
adder 

Force carry to adder 
Clear D register to 
ONES 

Enable adder sum to 
D register 
Clear Y register 

Enable P register to 
Y roister 

Enable memory cycle 
Start memory cycle 















T2 


T3 


T4 




L - CBITF, A 2 -DPMOO, A 3 - EXTMODE 

S ADDER ^ (D) 



NEXT INSTRUCTION 
FETCH CYaE 


HOLDM- 

CLDTR-, CLETR- 
EPS-L+, EIK17- 
SMK09+, 
CMK09- 
ESDTS+ 

SETAZ+ 


CLYTR- 

EPYTS+ 


OTK 

2 CYaES 
OP CODE 171020 



2-35 








NEXT INSTRUCTION 
FETCH CYCLE 


NOTE: MISSING SIGNALS CAN BE 
FOUND IN RCB ANALYSIS 


RCB - 
1 CYCLE 

OP CODE 140200 


instruction: Reset C to ZERO (RCB) 

OP Code: 140200 Type: G, 1 cycle 
Description: 0“^ (C) 



[ 1 


— 

H 

0 

0 

□ 

Q 

0 

0 

Q 

0 

0 

0 

1 

2 

3 

4 5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Execution Time (/xs): 1.6 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

— 

TLATE 

L 

(FCYEF+)(TLATE-) 

128-G3 

101-116-A9 

Enable P register to 
adder 

EIK17- 

127-P5 

F 

TLATE 

L 

(TLATE-) 

127-K6 

116-F7-F9 

Force carry to adder 

CLMTR- 

128-P9 

F 

TL1 

R 

(MCRST+){HOLDM-)(TL1FF+) 

128-P8 

101-1 16-L9 

Clear M register 

CLDTR- 

125-K5 

F 

TL1 

R 

(1CYEF-){ACYEF-)(TL1 FF+) 

125-A6 

101-116-F11 

Clear D register to 

ONES 

CLFTL- 

125-^K8 

F 

TLl 

L 

(iCYEF-){ACYEF-){TL1FF+) 

125— A6 

120— A1 

121 - A5 

125-D8 

Clear F register 

Clear shift counter 

Clear AZZZZ FF 

ESDTS+ 

MMnn F- 

125-M4 

142 

F 

TL1 

S 

( 1 CY EF- ) (AC YE F- ) (TL 1 F F+) 

(SWnn+)(STRB-) 

125-A6 

80,04 

101-1 16-F5- 
F9 

101-1 16-H8 

Enable adder sum to 

D register 

Memory data set into 

M register 

CLPTR- 

129-MlO 

F 

TL2 

R 

(FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-)(MCRST+) 

129-E7/ 

L10 

101-1 16-L12 

Clear P register 

EDPTS+ 

129-P9 

F 

TL2 

S 

(FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-)(MCSET+) 

129-E7/ 

L10 

101-116-J11 

Enable D register to 

P register 

EASTL+ 

127-PI 

F 

TLATE 

L 

(G ENOP+) (TLATE+) (M02FF+) 
{M09FF+) 

127-K12 

101-1 16-A4 

Enable A register to 
adder 

JAMKN- 

127-L4 

F 

TLATE 

L 

(G ENOP+) (TLATE+) (M02FF+) 
(M09FF+) 

127-G12/ 

K12 

101-1 16-C9 
117-D/K 

Jam carry network 

EMSHL+ 

127-P9 

F 

TLATE 

L 

(G ENOP+) (TLATE+) (M02F F+) 
(M09FF+) 

127-G12/ 

K12 

101-107-A9 

Enable M(l-7) to adder 

ENSHL+ 

127-P8 

F 

TLATE 

L 

(GENOP+) (TLATE+) (M02F F+) 
(M09FF+) 

127-G12/ 

K12 

101-107-A10 

Enable M-(l*7) to adder 

EMSLL+ 

127-P1 1 

F 

TLATE 

L 

(GENOP+)(TLATE+)(M02FF+) 

(M09FF+) 

127-G12/ 

K12 

108-1 16-A9 

Enable M(8-16) to adder 

ENSLL+ 

127-P7 

F 

TLATE 

L 

(GENOP+)(TLATE+)(M02FF+) 

1M09FF+) 

127-G12/ 

K12 

108-1 16-AlO 

Enable M-(8-16) to adder 

CLDTR- 

125-K5 

F 

TL3 

R 

(TL3FF+)(ACYLF-)(MCRST+) 

125-B6 

101-1 16-F11 

Clear D register to 

ONES 

ESDTS+ 

125-M4 

F 

TL3 

S 

(TL3FF+)(IOGRP-)(MCSET+) 

125-B5 

101-1 16-F5- 
F9 

Enable adder sum to 

D register 

CBITF 

124-P2 

F 

TL4 

R 

(GENOA+)(M09FF+)(M11FF-) 
(TL4FF+)(DIVOP-)(MCRST+) . 

124-A3 

124-Pl 

Reset CBITF 

CLYTR- 

129-P3 

F 

TL4 

R 

(SCZRO+) (TL4F F+) (MCRST+) 

129-El, 

H3 

101-1 16-N12 

Clear Y register 

EPYTS+ 

129-P4 

F 

TL4 

S 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-)(MCSET+) 

129-D4/ 

L4 

101-1 16-L10 

Enable P register to 

Y register 

MEMCI+ 

126-K12 

F 

TLl 

L 

(TLl FF+)(SPMOD-) .(IGACY+) 

126-F2/ 

J12 

150-A2 

Enable memory cycle 

COXXX+ 

150-D2 

F 

TLl 

■ 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 






































FCYER- 


Instruction: Set C to ONE (SCB) 

OP Code: 1406(K) Type: G, 1 cyde 
Description; 1 ->■ (C) 



NEXT INSTRUCTION 
FETCH CYCLE 



7 8 9 10 11 12 13 14 15 16 


Execution Time (/ish 1.6 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF+){TLATE-) 

128-G3 

101-116-A9 

Enable P register to 
adder 

EIK17- 

127-P5 

F 

TLATE 

L 

(TLATE-I 

iO-7 l/'fi 

lie crt 

CLMTR- 

128-P9 

F 

TL1 

R 

{MCRST+)(HOLDM-){TL1FF+) 

128-P8 

i i f / t 

101-1 16-L9 

rurce carry to adoer 

CLDTR- 

1 26— Kb 

F 

TL1 

R 

(ICYEF-)(ACYEF-){TL1FF+) 

125-A6 

101-116-F11 

Clear D register to 

CLFTL- 

125-K8 

F 

TLl 

L 

(ICYEF-)(ACYEF-^(TL1 FF+) 

125-A6 

120-A1 

ONES 

Clear F register 








121— A5 

Clear shift counter 

ESDTS+ 

125-M4 

F 

TL1 

S 

(ICYEF-){ACYEF-)(TL1FF+) 

125-A6 

125-D8 

101-1 16-F5- 

CI^AZZZZFF 

Enable adder sum to 

MMnnF- 

142 




(SWnn±)(STRB-) 

80.04 

F9 

101-116-H8 

D register 

MemcM^ data set into 

CLPTR- 

129-M10 

F 

TL2 

R 

(FCYEF+)(TL2FF+)(SCZRO+) 

129^E7/ 

101-116-L12 

M register 

Clear P register 

EDPTS+ 

129-P9 




(MEMAC-)(MCRST+) 

L10 


F 

TL2 

S 

(FCYEF+)(TL2FF+)(SCZRO+) 

129-E7/ 

101-1 16-Jll 

Enable D register to 

EASTL+ 

127-PI 

F 

TLATE 

L 

(MEMAC-){MCSET+) 

(GENOP+) (TLATE+) {M02F F+) 

L10 

127-K12 

101-1 16-A4 

P register 

Enable A roister to 

JAMKN- 

127-L4 




{M09FF+) 




F 

TLATE 

L 

(GENpP+){TLATE+)(M02FF+) 

127-G12/ 

101-1 16-C9 

Jam carry network 

EMSHL+ 

127-P9 




{M09EF+) 

K12 

117-D/K 

F 

TLATE 

L 

(GENOP+) (TLATE+) (M02FF+) 

127-G12/ 

101-107-A9 

Enable M{l-7) to add^ 

ENSHL+ 

127-P8 




(M09FF+) 

K12 


F 

TLATE 

L 

(G ENOP+)frLATE+) (M02FF+) 

127-G12/ 

101~107-A10 

Enable M-(1-7) to adder 

EMSLL+ 

127-D11 




(M09FF+) 

K12 


F 

TLATE 

L 

(G ENOP+) (TLATE+) (M02FF+) 

127-G12/ 

108-1 16-A9 

Enable M{8-16) to adder 

ENSLL+ 

127-P7 




{M09FF+) 

K12 


F 

TLATE 

L 

(GENOP+){TLATE+)(M02FF+) 

127-G12/ 

108-1 16-AlO 

Enable M-(8-16) to adder 

CLDTR- 

125-K5 




{M09FF+) 

K12 


F 

TLl 

R 

(TL3FF+)(ACYLF-)(MCRST+) 

125-B6 

101-1 16-F11 

Clear D roister to 

ESDTS+ 

125-M4 

F 

TL3 

S 

(TL3FF+){IOGRP-){MCSET+) 

125-B5 

101-1 16-F5- 

ONES 

Enable adder sum to 

CBITF 

124-P2 

F 

TL4 

S 

(MCSET+){GENOA+){TL4FF+) 

124-D6 

F9 

124-PI 

D register 

Set CBITF 

CLYTR- 

129-P3 




(M08FF+)(M09FF+) 



F 

TL4 

R 

(SCZRO+){TL4FF+)(MCRST+) 

129-El/ 

101-116-N12 

Clear Y register 

EPYTS+ 






H3 


129-P4 

F 

TL4 

S 

(PISEX-)(EOINS+)(TL4FF+) 

129-D4 

101-116-L10 

Enable P register to 

MEMCI+ 

126-K12 




{OPGJS-)(MCSET+) 



Y register 

F 

TLl 

L 

(TL1FF+)(SPM0£>-) (IGACY+) 

126-F2/ 

150-A2 

Enable memory cycle 

COXXX+ 






J12 


150-D2 

F 

TLl 

L 

(MEMCI+){MBSYX+) 

150- A2 

150-D2 

Start memory cycle 


NOTE: MISSING SIGNALS CAN BE 
FOUND IN SCB ANALYSIS 


SCB 

1 CYCLE 

OP CODE 140600 










Common Entry and Exit for Skip Instructions 
Instruction: 



i COMMON SKIP INSTRUCTION 

FLOWGRAM 

GENERIC, 1 CYCLE (0,96 uS) 

NEXT INSTRUCTION 
FETCH CYCLE 


NOTE: REFER TO SKIP INSTRUCTION ANALYSES 
FOR SPECIFIC CONDITIONS 


OP Code: Type: 

Description: 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (pis): 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 



1 

(SKGRP-)V{TLATE-) 

128-F3/ 

101-1 16-A9 

Enable P register to 






{FCYEF+) 

J4 


adder 

E1K17- 

127-P5 




(SKGRP-)V{TLATE-) 

127-K6 

116-F7-F9 

Force carry to adder 

CLFTL- 

125-K8 

F 

TL1 

1^1 

{ICYEF-){ACYEF-)(TL1 FF+) 

125-A6 

120-A1 

Clear F register 








121 -A5 

Clear shift counter 








125-D8 

Clear AZZZZ FF 

CLMTR- 

128-P9 

F 

TL1 

R 

(MCRST+)(HOLDM-){TL1FF+) 

128-P8 

101-116-L9 

Clear M register 

CLDTR- 

125-K5 

F 

TLl 

R 

(ICYEF-){ACYEF-)(TL1FF+) 

125-A6 

101-116-F11 

Clear D register to 









ONES 

ESDTS+ 

125-M4 

F 

TL1 

S 

(ICYEF-)(ACYEF-){TL1FF+) 

125-A6 

101-1 16-F5- 

Enable adder sum to 








F9 

D register 

MMnnF- 

142 




(SWnn±){STRB-) 

80.04 

101-116-H8 

Memory data set into 









M register 

CLPTR- 

129-MlO 

F 

TL2 

R 

(FCYEF+)(TL2FF+){SCZR0+) 

129-E7/ 

101-1 16-J10 

Clear P register 






(MEMAC-){MCRST+) 

LIO 



EDPTS+ 

129-P9 

F 

TL2 

S 

{FCYEF+) (TL2FF+) (SCZRO+) 

129-E7/ 

101-1 16-J11 

Enable D register to 






(MEMAC-){MCSET+) 

LIO 


P register 

CLDTR- 

125-K5 

F 

TL3 

R 

{TL3FF+)(ACYLF-){MCRST+) 

125-B6 

101-116-F11 

Clear D register to 









ONES 

ESDTS+ 

125-M4 

F 

TL3 

S 

(IOGRP-)(TL3FF+){MCSET+) 

125-B5 

101-1 16-F5- 

Enable adder sum to 








F9 

D register 

OPGJS+ 

129-M1 1 




(See Table 2-1 for conditions) 


129-D4-D8 

Condition satisfied? 

CLPTR- 

129-M10 

F 

TL4 

R 

(OPG JS-I-) ( EO 1 NS-F) (TL4F F-f) 

129-E8/ 

101-116-L12 

Clear P register 






(MCRST-F) 

LIO 



EDPTS+ 

129-P9 

F 

TL4 

S 

{OPGJS+) (EOl NS+) (TL4FF-F) 

129-E8/ 

101-116-J11 

Enable D register into 






{MCSET+) 

L9 


P register 

CLYTR- 

129-P3 

F 

TL4 

R 

(ACYLF-f)-(TL4FF-f)(MCRST-f) 

129-El/ 

101-1 16-N12 

Clear Y register 







H3 



EDYTS+ 

129-PI 

F 

TL4 

S 

(ACYNX- ) {MCSET+) (TL4FF-F) 

129-G1/ 

101-1 16-J10 

Enable D register Into 






(BRREQ-)(0PGJS-) 

D4/F5 


Y register 

EPYTS+ 

129-P4 

F 

TL4 

S 

(PiSEX-)(EOINS+){TL4FF-F) 

129-El/ 

101-1 16-L10 

Enable P register to 






(OPGJS-)(MCSET+) 

H3 


Y register 

MEMCI+ 

126-J1 1 

F 

TLl 

L 

(TL1FF-f)(SPMOD-) (IGACY-f) 

126-F2/ 

150-A2 

Enable merhory cycle 







J12 



COXXX+ 

150-D2 

F 

TLl 

L 

(MEMCI+)(MBSYX-) 

150-A2 

150-D2 

Start memory cycle 


2-38 





































ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


L DEVELOP START MEMC»Y LEVEL 
R 0 - M, Ts - (D) 

I /n\ t 1 Ar\r\CD a /c\ 

L. ^ T I V ^ ^ 

S ADDER - (D) 


[EA] ^ M 
0 - (P) 
(D) ^ (P) 


I's -(D) 
ADDER - (D) 


0 - (A,) 

(D)] -(A)^ 

(P) - CY) 

SET F-CYaE ENTRY FF 


MEMCI+ 

CLMTR-, CLDTR- 


r*i m - 


Instruction: Set Sign Minus (SSM) 
opcode: 140500 Tyi»: G, 1 cycle 
Description: 1 (A)^ 

Signal Origin Cyc Tim Clk 


EPSLL+ 128-K4 F TLATE 

EIK17- 127-P5 F TLATE 

CLMTR- 128-P9 F TL1 

CLDTR- 125— K5 F TL1 

CLFTL- 125-K8 F TL1 


ESDTS+ 


MMnnF- 142 

CLPTR- 129-M10 F 

EDPTS+ 129-P9 F 

I CLDTR- 125-K5 F 

i ESDTS+ 125-M4 F 


CLAIL+ 

EDAIL+ 


130-K11 F 
130-K10 F 


CLYTR- 129-P3 F 

EPYTS+ 129-P4 F 

MEMCI+ 126-K12 F 

GOXXX+ 150-D2 F 


1 2 3 


Clk Si^iai Component 

T (FCYEF+){TLATE-} 

L (TLATE-) 

R (MCRST+)(HOLDM-)(TL1FF+) 
R (!CYEF-)(ACYEF-)(TL1FF+) 

L (ICYEF-)(ACYEF-)(TL1FF+) 


S (SCYEF-){ACYEF-}{TL1FF+) 
(SWnn±)(STRB-) 

R (FCYEF+){TL2FF+j{SCZRCH-) 
{MEMAC-){MCRST+) 

S {FCYEF+){TL2FF+)(SCZRO+) 
(MEMAC-)(MCSET+) 

R (TL3FF+)(ACYLF-)(MCRST+) 

S {TL3FF+){IOGRP-)(MCSET+) 

L (GENOA+)(TL4FF+)(M10FF+) 
L {GENOA+)(TL4FF+)(M08FF+) 
(M10FF+) 

R (SCZRO+)(TL4FF+)(MCRST+) 

S (PISEX-)(EOINS+)(TL4FF+) 
(OPGJS-)(MCSET+) 

L (TL1FF+)(SPMOD-) (IGACY+) 

L (MEMCI+)(MBSYX-) 


9 10 11 12 13 14 15 


Execution Time (^s): 1.6 


Origin Destii^on 
128-G3 101-1 16-A9 


Operation 

Enable P register to 
adder 

Force carry to adder 
Clear M register 


127— K6 1 16— F7/F9 Force carry to add 

1 28— P9 101-11 6— L9 Clear M register 

1 25— A6 101—11 6— F 1 1 Clear D register to 

ONES 

125-A6 120-A1 Clear F register 

121— A5 Clear shift counter 

125-D8 Clear AZZZZFF 

125— A6 101 —1 16— F5- EnaWe adder ajm to 

F9 D register 

80.04 101—1 16— H8 Memory data set into 

M register 

129— E7/ 101-116-L12 Clear P register 

L10 

129— E7/ 101—1 16-Jl 1 Enable D register to 


129— E7/ 101—1 16-Jl 1 Enable D register to 

L9 P register 

1 25— B6/ 101-11 6-F 1 1 Clear D register to 

J5 ONES 

125— B5/ 101-116— F5- Enable adder sum to 

J4 F9 D roister 

130— F 11 101 — L4 Clear A registo^ bit 1 

130— F10 101— L7 Enable D register bit 1 

to A register bit 1 

129-El/ 101-1 16-N12 Clear Y register 

H3 

129-D4/ 101-1 16-L10 Enable P register to 

L4 Y register 

126- F12/ 150-A2 Enable memory cycle 

J12 

150— A2 150— D2 Start memory cycle 


NEXT INSTRUCTION 
FETCH CYaE 


SSM 

1 CYCLE 

OP CODE U0500 



2-39 










NEXT INSTRUCTION 
FETCH CYCLE 

1 CYaE 

OP CODE 140100 


Instruction: Set Sign Pius (SSP) 

□ 


0 

0 

□ 

0 

0 

0 

0 

0 

0 

OP Code: 140100 Type: G, 1 cycle 

1 

2 3 4 5 6 7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Description: 0-> (A), Execution Time {/is): 1 .6 


Signal 

Origin 

Cyc 

Tim 

Cik 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF-i-)(TLATE-) 

128-G3 

101-1 16-A9 

Enable P register to 









adder 

EIK17- 

127-P5 

F 

TLATE 

L 

{TLATE-) 

127-K6 

116-F7-F9 

Force carry to adder 

CLMTR- 

129-P9 

F 

TLl 

R 

(MCRST+)(HOLDM-)(TL1FF+) 

128-P9 

101-1 16-L9 

Clear M register 

CLDTR- 

125-K5 

F 

TL1 

R 

(ICYEF-){ACYEF-){TLlFF-i-) 

125-A6 

101-116-F11 

Clear D register to 









ONES 

r*! FT! 

19F— k’C 

F 

T! 1 

j_ 

(irYFF-lfArYFF-lfT! 1FF+) 

19Fi— AR 

190— A 1 

Clfiar F register 








121-A5 

Clear shift counter 








125-D8 

Clear AZZZZ FF 

ESDTS+ 

125-M4 

F 

TLl 

S 

{ICYEF-){ACYEF-){TL1 FF+) 

125-A6 

101-116-F5- 

Enable adder sum to 








F9 

D register 

MMnnF- 

142 




{SVVr.n±)(STRB-) 

80.04 

101— 1 16— H8 

Mojrjory cists sst into 









M register 

CLPTR- 

129-MlO 

F 

TL2 

R 

(FCYEF-f){TL2FF+){SCZRO+) 

129-E7/ 

101-1 16-L12 

Clear P register 






{MEMAC-){MCRST+) 

L10 



EDPTS+ 

129-P9 

F 

TL2 

S 

{FCYEF+)(TL2FF+){SCZRO+) 

129-E7/ 

101-1 16-J11 

Enable D roister to 






(MEMAC-)(MCSET+) 

L9 


P register 

CLAIL+ 

130-K11 

F 

TL4 

L 

{G ENO A+) {TL4F F+) {M 1 0F F+) 

130-F11 

101-L4 

Clear A register bit 1 

CLYTR- 

129-P3 

F 

TL4 

R 

{SCZRO+){TL4FF+){MCRST+) 

129-El/ 

101-116-N12 

Clear Y register 







H3 



EPYTS+ 

129-P4 

F 

TL4 

S 

(PISEX-){EOINS+){TL4FF+) 

129-D4/ 

101-1 16-L10 

Enable P register to 






{OPGJS-){MCSET+) 

L4 


Y register 

MEMCI+ 

126-K12 

F 

TLl 

L 

{TL1FF+)(SPMOD-) {IGACY+) 

126-F12/ 

150-A2 

Enable memory cycle 







J12 



COXXX+ 

150-D2 

F 

TLl 

L 

(MEMCI-i-){MBSYX-) 

150-A2 

150-D2 

Start memory cycle 


2-40 











Instruction: Two's Complement of A (TCA) 
OP Code: 140407 Type: G, 1.5 cycles 
Description: Two's Complement of (A) ->• (A) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Execution Time (jUs): 2.4 


Signal 

Origin 

Cyc 

Tim 

Ef^LL+ 

128-K4 

F 

TLATE 

EIK17- 

127-P5 

F 

TLATE 

CLMTR- 

128-P9 

F 

TL1 

CLDTR- 

125-K5 

F 

TL1 

CLFTL- 

125-K8 

F 

TLl 

ESDTS+ 

125-M4 

F 

TL1 


MMnnF- 

CLPTR- 

EDPTS+ 

EASTL+ 

JAMKN- 

CLDTR- 

ESDTS+ 

SETAZ+ 

EICTS- 

RPTT2+ 

CLATR- 

EDAHS+ 

EDALS+ 

INCSC+ 

EASTL+ 

EMSHL+ 

ENSHL+ 

EMSLL+ 

ENSLL+ 

EIK17- 

CLATR- 

EDAHS+ 

EDALS+ 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 
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129-MlO F 
129-P9 F 

127-PI F 

127-L4 F 

125-K5 F 

125-M4 F 

125-M7 F 

125- K9 F 

126- G5 F 

122-K8 F 

122-PI F 

122-P3 F 

126- P5 F 

127- PI F 

127-P9 F 

127-P8 F 

1 27-P1 1 F 

127-P7 F 

127-P5 F 

122-K8 F 

122-PI F 

122-P3 F 

129-P3 F 

129-P4 F 

126-K12 F 

150-02 F 


TL2 

TL2 

TLATE 

TLATE 

TL3 

TL3 

TL3 

TL3 


TL2 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TL4 

TL4 

TL4 


Clk Signal Component 

L {FCYEF+)(TLAT^) 

L (TLATE-) 

R (MCRST+){H0LDM-)(TL1FF+) 

R (ICYEF-){ACYEF-){TL1FF+) 

L (ICYEF-)(ACYEF-){TL1FF+) 

S (ICYEF-){ACYLF-)(TL1FF+) 
(SWnn±)(STRB-) 

R {FCYEF+)(TL2FF+){SCZR0+) 
(MEMAC-){MCRST+) 

S {FCYEF+)(TL2FF+)(SCZR0+) 
{MEMAC-){MCSET+) 

L {AZZZZ-)(TLATE+)(GENOP+) 
(M16FF+)(M02FF+){M01FF+) 

L {AZZZZ-)(TLATE+)(GENOP+) 
(M16FF+)(M02FF+)(M01FF+) 

R (TL3FF+)(ACYLF-)(MCRST+) 

S (TL3FF+)(I0GRM(MCSET+) 

L (GENOA+)(TL3FF+)(M08FF+) 
(M15FF+) 

S {GENOA+){TL3FF+)(M08FF+} 

(M 1 5F F+) (AZZZZ- ) {MCSET+) 

S EICTS- 

R tGENOA+)(TL2FF+){AZZZZ+) 
(MCRST+) 

S r{GENOA+)(TL2FF+){AZZZZ+)1 
S L (MCSET+) J 

L (FCYEF+){TL2FF+) 

L {GENOP+)(TLATE+)(M02FF+) 
(AZZZZ+) 

L (GENOP+)(TLATE+){M02FF+) 
(AZZZZ+) 

L (GENOP+){TLATE+)(M02FF+) 
(AZZZZ+) 

L (GENOP+)(TLATE+)(M02FF+) 
{AZZZZ+) 

L (GENOP+){TLATE+)(M02FF+) 
(AZZZZ+) 

L (JAMKN-) 

R (GENOA+){M16FF+)(TL4FF+) 

S (GENOA+)(M16FF+)(TL4FF+) 

S (GENOA+)(M16FF+){TL4FF+) 

R (SCZR0+)(TL4FF+)(MCRST+) 

S (PISEX-)(EOINS+)(TL4FF+) 
{OPGJS-)(MCSET+) 

L {TL1FF+){SPMOD-) (IGACY+) 


(MEMCI+){MBSYX-) 


Origin 

Destination 

Operation 

128-G3 

101-116-A9 

Enable P register to 
adder 

127-K6 

116-F7-F9 

Force carry to adder 

128-P8 

101-1 16-L9 

Clear M register 

125-A6 

101-116-Fli 

Clear D register to 
ONES 

125-A6 

120-A1 

Clear F register 


121-A5 

Clear shift counter 


125-D8 

Clear AZZZZ FF 

125-A6 

101-1 16-F5- 

Enable adder sum to 


129-E7/ 

L10 

129-E7/ 

L10 

127-C3 
127-C3 i 
125-B6 
125-B5 
125-A8 

125- A9/ 
J9 

126- G4 
122-A5/ 

H7 

122-A4/ 

J1 

126- J5 

127- K10 

127-K10 

127-K10 

127-K10 

127-K10 

127-L4 

122-A2 

122-A2 

122-A2 

129-El/ 

H3 

129-D4 

126-F12/ 

J12 

150-A2 


F9 

101-1 16-H8 

101-116-L12 

101-1 16-J11 

101-116-A4 

101-1 16-C9 
117 D/K 
101-116-F11 

101-116-F5- 

F9 

125- L8 

121-A8 

126- F5 
126-G4 
101-116-L6 

101-108-J7 
109-1 16-J7 

121-A4 
101-1 16-A4 

101-107-A9 

101-107-A10 

108-1 16-A9 

108- 116-A10 

116-F7 

101-116-L6 

101-108-J7 

109- 1 16-J7 

101-116-N12 
101-116-L10 
150- A2 
150-D2 


D register 

Memory data set into 
M register 
Clear P register 

Enable D register to 
P register 

Enable A register to 
adder 

Jam carry network 

Clear D register to 
ONES 

Enable adder sum to 
D register 
Set AZZZZ FF 

Set shift counter to all 
ONES generate RPTT2+ 
Repeat T2 
j Clear A register 

! Enable D{1-8) into A{1-8) 
Enable D(9-16) into 
A(9-16) 

Increment shift counter 
Enable A register to 
adder 

Enable M(1-7) to adder 

Enable M-(1-7) to adder 

Enable M(8-16} to adder 

Enable M-(8-16) to adder 

Force carry to adder 
Clear A register 
Enable D{l-8) into A(1-8) 
Enable 0(9-16) into 
A(9-16) 

Clear Y register 

Enable P register to 
Y register 

Enable memory cycle 


Start memory cycle 
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T3 





NEXT INSTRUCTION 
FETCH CYCLE 


INA 

2 CYCLES 
OP CODE 54 


Insmiction: Input to A (INA) 

OP Code: 54 Type: I/O, 2 cycles 

Description: (INB) ->■ (A), { l\N]j = 1 

(INB) V(A)^{A), {IW)7 = 0 


Origin Destination Operation 

1 26— Cl 2 1 26— J 1 2 Block start memory 

128— L9 128— N9 Inhibit M register clear 

138— A9 143— XX (See main frame wire list) 

125— B4 101— 116— F11 Clear D register to 

ONES 

1 28— A5 101—11 6— A9 Enable P register to 

adder 

127— K6 116— F7-F9 Force carry to adder 

117-A1 

1 25— B4 1 01 — 1 1 6— F5- Enable adder sum to 

F9 D register 

1 25— D 1 0 Device ready line 

125-L11 125-ElO Reset DRFLP+ 

134-G9 125-D9 Set DRFLP+ 

1 29- E6 1 01 -1 16-L1 2 Clear P register 

1 29— E6 101—1 16— J 1 1 Enable D register to 

P register 

1 25-B7 1 01 -1 1 6-F 1 1 Clear D register to 

ONES 

125-L6 101-116-F4 Enable INB to 

D register ‘ ' 

134— J10 143— D5 Reset ready to device 

1 22-C6 101-11 6-L6 Clear A register if 

1W^ = 1 

• 122— Cl 101— 1C^— J7 Enable D register to 

A(1-8) 

122— Cl 1C©— 1 16— J7 Enable D regista" to 

A(9-16) 

1 29-H3/ 1 01 -1 1 6-N 1 2 Clear Y register 

N3 

EPYTS+ 129-P4 A TL4 S (PISEX-)(EOINS+)(TL4FF+) 129-D4/ 101-1 16-L10 Enable P register to 

(OPGJS-)(MCSET+)(DMCRQ-) L4 Y register 

MEMCI+ 126-K12 A TL1 L (TL1FF+)(SPMOD-)(IGACY+) 126-F12/ 150- A2 Enable memory cycle 

J12 

COXXX+ 150— D2 F TL1 L (MEMCI+)(MBSYX-) 150— A2 150— D2 Start memory cycle 





Signal 

Origin 

Cyc 

Tim 

MEMCI- 

126-G12 

P 

TL4 

HOLDM- 

128-M9 

A 


ADB7-16 

1 138-9/10 

A 


CLDTR- 

1 125-K5 

A 

1 TL1 

EPSLL+ 

128-K4 

A 

TL1 

EIK17- 

i 127-P5 

A 

TL1 

ESDTS+ 

125-M4 

A 

TL1 

DRUM- 

143-B3 

A 


Qppl_p_ 

1 125— E10 

A 

TL1 

DRFLP+ 

125-E9 

A 

TL1 

CLPTR- 

129-M10 

A 

TL2 

EDPTS+ 

129-P9 

A 

TL2 

CLDTR- 

125-K5 

A 

TL3 

EIDTS+ 

125-P6 

A 

TL3 

RRLINt 

1 34-PI 0 

A 

TL24 

CLATR- 

122-K8 

A 

TL4 

EDAHS+ 

122-PI 

A 

TL4 

EDALS+ 

122-P3 

A 

TL4 

CLYTR- 

129-P3 

A 

TL4 


Signal Component 

(IOGRP+){ACYEF+} 

(IOGRP+)(ACYEF+) 

(ADBST-)(M FF+) 

(ACYEF+)(TL1FF+)(JSTOP-) 

(IRSOP-)(IMAOP-){MCRST+) 

(IOGRP+) 

(TLATE-) 

{ACYEF+)(TL1 FF+)(JSTOP-) 
(RISOP-)(iMAOP-)(MCSET+) 
Function of 10 option 
(DRFLI-) 

(SMKXX-) 

(TL2FF+)(IOGRP+)(DRFLP-) 

(OCPLS-)(MCRST+) 

(TL2FF+){IOGRP+)(DRFLP-) 

(OCPLS-)(MCSET+) 

(ANAOP-)(TL3FF+)(MCRST+) 

(MCSET+)(RRLIN-) 

(M01FF+)(TL24F+){DRFLP-) 

(ACYLF+)(TL4FF+)(IOGRP+) 

(DRFLP-)(M02FF-){M07FF+) 

(M01FF+)(MCRST+) 

(ACYLF+j(TL4FF+)(IOGRP+) 

(DRFLP-)(M01FF+)(M02FF-) 

(MCSET+) 

(DRFLP-)(M01FF+)(M02FF-) 

(MCSET+)(ACYLF+)(TL4FF+) 

(IOGRP+) 

(ACYNX- ) (TL4F F+) (MCRST+) 



Execution Time (/xs): 3.2 
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ENTER A-CYaE 
FROM INSTRUCTION WORD 
FETCH 


ACYEF+ 



Ti 

HPOUGH 

T'i 



L INHIBIT 0 - (M) 

L ^ ADB7-16 

! GENERATE OCP 



NEXT INSTRUCTION 
FETCH CYCLE 


HOLDM- 

ADB7-16 

OCPLS- 


aYTR- 

EPYTS+ 

FCYEF+ 


OCP 

2 CYCLES 
OP CODE 14 



1 


4 
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NEXT INSTRUCTION 
FETCH CYCLE 


OTVSMK 
2 CYCLES 
OP CODE 74 


7 


4 


Instruction: Output from A (OTA) 

OP Code: 74 Type: I/O, 2 cycles 

Description: If ready: (A) (OTB) and skip 

If not ready: No output and no skip 


1 

1 


1 



* 

0 

A 

3 

A 

A 

A 


A 


A 


5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (^s): 3.2 


Signal 


Origin Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


MEMCI- 

HOLDM- 

EPSLL+ 

EIK17- 

.ADB7-16 

CLDTR- 

ESDTS+ 

OTBOM6 

SMK01+ 

DRLIN- 

DRFLR- 

DRFLP+ 

CLPTR- 

EDPTS+ 

RRLIN- 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 


126- G12 
128-M9 

128- K4 

127- P5 

138—9/IQ 

i25-K6 

125-M4 

138-B/F 

134-K12 

143-B3 

125-ElO 

125- E9 

129- M10 

129-P9 

134-PI 0 
129-P3 

129-P4 

126- K12 
150-D2 


A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

F 


TL4 

TL1 

TL1 

TL1 


TL1 

TL1 

TL2 

TL2 

TL24 

TL4 

TL4 

TL1 

TLl 


(IOGRP+)(ACYEF+) 

(IOGRP+){ACYEF+) 

(IOGRP+) 

(TLATE-) 

( ADBST- j (M FF+) 

(ACYEF+V{TL1 FF+)'{JSTOP-) 
{IRSOP-)(IMAOP-)(MCRST+) 

( ACYE F+} (TL 1 F F+) ( JSTOF- ) 
(IRSOF-)(lMAOP-){MCSET+) 

/Ar>iccj-\ fAirsccj-V 

(SMKXX+) (ADB07- ) { FCX00+) 

Function of I/O option 
{DRFL1-) 

(SMKXX-) 

{TL2FF+)(IOGRP+){DRFLP-) 

(OCPLS-)(MCRST+) 

{TL2FF+){I0GRP+)(DRFLP-) 

(OCPLS-){MCSET+) 

(M01FF+)(TL24F+){DRFLP-) 

(ACYNX-){TL4FF+){MCRST+) 

(PISEX- ) ( EO I NS+) (TL4F F+) 
(OPGJS-)(MCSET+){DMCRQ-) 
{TL4FF+)(SPMOD-) (IGACY+) 

{MEMCI+){MBSYX-) 


126- L12 
128-L9 
128-A5 

127- K6 

138-A9 

125-B4 

125-B4 

138-A,/E 

134-F12 


125-G11 

125- G9 
129-E6 

129-E6 

134-J10 

129-H3/ 

N3 

129-D4/ 

L4 

126- F12/ 
J12 

150-A2 


126-K12 

128-N9 

101-116-A9 


Block start memory 
Inhibit M register clear 
Enable P register to 
adder 

Force carry to adder 


116- F7-F9 

117- A1 

(See main frame wire list) 


101-116-F11 


101-1 16-F5- 
F9 


Clear D register to 
ONES 

Enable adder sum to 
D register 


(See main frame wire list) 


143-B5 


125-B11 
125-G10 
125-D9 
101-1 16-L12 

101-116-J11 

143-D5 
101-1 16-N12 

101-1 16-L10 

150-A2 

150-D2 


ADB 7-16=0020g 

(Set mask) 
Device ready line 
Reset DRFLP+ 
Set DRFLP+ 
Clear P register 


Enable D register to 
P register 

Reset ready to device 
Clear Y register 

Enable P register to 
Y register 

Enable memory cycle 
Start memory cycle 





















3 



NEXT iNSTRUCTlON 
FETCH CYCLE 


SKS 

2 CYaES 
OP CODE 34 


Instniction: Skip if Ready Line Set (SKS) 

OP Code: 34 Type: I/O, 2 cycles 

Description: If f (device) is satisfied, device is ready 
and next ins^ction is skipped. 


0 

□ 


A 

0 

0 

A 

A 

A 

A 

A 

A 

1 

2 

3 4 5 6 7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Execution Time {{ish 3=2 


Signal 


Origin Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


HOLDM- 

ADB7-16 

CLDTR- 

EPSLL+ 

EIK17- 

ESDTS+ 

DRLIN- 

DRFLP- 

DRFLP+ 

CLPTR- 

EDPTS+ 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 


128-M9 

128-9/10 

125-K5 

128- K4 

127-P5 

125-M4 

143-B3 

125-E10 

125- E9 

129- M10 

129-P9 

129-P3 

129-P4 

126- K12 
150-D2 


A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

F 


TL1 

TL1 

TL1 

TL1 

TL1 

TL1 

TL2 

TL2 

TL4 

TL4 

TL1 

TLI 


(IORGP+)(ACYEF+) 

{ADBST-){M FF+) 

(ACYE F+) (TLI F F+) ( JSTOP- ) 

(i RSOP-) ( i MAOF- j {MCRST+) 
(iOGRP+) 

(ACYLF+) 

(CASOP-)(LSXOP-)(SUBOP-) 

(ACYEF+)(TL1FF+)(JSTOP-) 

(I RSOP-) ( I MAOP- ) (MCSET+) 
Function of I/O option 
(DRFL1-) 

(SMKXX-) 

(TL2FF+)(IOGRP+)(DRFLP-) 

(OCPLS-)(MCRST+) 

(TL1FF+)(IOGRP+)(DRFLM 

(OCPLS-)(MCSET+) 

(ACYNX-)(TL4FF+)(MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 
(OPGJS-) (MCSET+) (DMCRQ- ) 
(TL1FF+)(SPMOD-) (IGACY+) 

(MEMCI+)(MBSYX-) 


128-L9 

138-P9 

125-B4 

128-A5 

127-K6 

125-B4 


125-G11 

125- G9 
129-E6 

129-E6 

129-H3/ 

N3 

129-D4/ 

L4 

126- F12/ 
J12 

150-A2 


128— N9 1 inhibit M register clear 

(See main frame wire list.) 

101— 116— F11 I Clear D register to 

ONES 

101 ^1 16— A9 1 Enable P register to 
adder 

1 1 7— A1 1 Force carry to add^ 


101-116-D4- 

D8 

125-D10 

125-G10 

125-D9 

101-116-L12 

101-116-J11 

101-116-N12 

101-116-L10 

150-A2 

150-D2 


Enable adder sum to 
D register 
Device ready line 
Reset DRFLP+ 
SetDRFLP+ 

Clear P roister 

Enable D roister to 
P register 
Clear Y register 

Enable P register to 
Y register 

Enable memory cycle 
Start memory cycle 
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Common shift instruction entry 


Function 

Origin 

Cyc 

Tim 

EPSLL+ 

128-K4 

F 

TLATE 

EIK17- 

127-P5 

F 

TLATE 

CLFTL- 

125-K8 

F 

TL1 

CLMTR- 

128-P9 

F 

TL1 

CLDTR- 

125-K5 

F 

TL1 

ESDTS+ 

125-M4 

F 

TL1 

MMnn F- 

142 



CLPTR- 

129-M10 

F 

TL2 

EDPTS+ 

129-P9 

F 

TL2 

EASTL+ 

127-PI 

F 

TLATE 

EMSHL+ 

127-P9 

F 

TLATE 

ENSHL+ 

127-P8 

F 

TLATE 

EMSLL+ 

1 27-P1 1 

F 

TLATE 

ENSLL+ 

127-P7 

F 

TLATE 

SETAZ+ 

125-M7 

F 

TL3 

EMCTL+ 

125-PI 2 

F 

TL3 

EMCTL- 

125-K12 

F 

TL3 

SCZRO- 

121 -M4 



RPTT2+ 

126-G5 

F 

TL3 

CLDTR- 

125-K5 

F 

TL3 

CLETR- 

125-K2 

F 

TL3 

ESDTS+ 

125-M4 

F 

TL3 

EBETS+ 

125-MI 

F 

TL3 


Clk 

Boolean Expression 

Origin 

Destination 

Opa-ation Description 

1 

(FCYEF+KTLATE-) 

128-G3 

101-116-A9 

Enable P register to 
adder 

B 

(TLATE-) 

127-K6 

116-F7/F9 

Force carry to adder 

1 

(ICYEF-){ACYEF-)(TL1FF+) 

125-A6 

121 -A5 

120-A1 

125-D8 

Clear shift counter 

Clear F register 

Clear AZZZZ FF 

R 

(MCRST+){HOLDM-){TL1FF+) 

128-P9 

|101-116-L9 

Clear M register 

R 

(ICYEF-)(ACYEF-){TL1FF+) 

125-A6 

101-116-F11 

Clear D register to 

ONES 

S 

{ICYEF-){ACYEF-){TL1FF+) 

125-A6 

101-1 16-F5- 
F9 

Enable adder sum to 

D register 


(SWnn±)(STRB-} 

80.04 

101-1 16-H8 

1 

Memory data set into 

M register 

R 

(EDPTR+)(MCRST+) 

129-J9 

101-116-L12 

Clear P register 

S 

(EDPTR+)(MCSET+) 

129-J9 

101-116-J11 

Enable D regista* to 

P register 

L 

{GENOP+)(TLATE+)(M01 FF-) 

127-K10 

101-1 16-A4 

Enable A register to 
adder 

L 

(GENOP+){TLATE+)(M01 FF-) 

127-K10 

101-108-A9 

Enable M(1-7) to adder 

L 

(G ENOP+) (TLATE+) (M01 F F- ) 

127-K10 

101-107-A10 

Enable M-(1-7) to adder 

L 

(GENOP+)(TLATE+)(M01 FF-) 

127-K10 

108-1 16-A9 

Enable M{8-16) to adder 

L 

(GENOP+)(TLATE+)(M01 FF-) 

127-K10 

108-1 16-A10 

Enable M-(8-16) to adder 

L 

(SHA0P+){TL3FF+}{AZZZZ-) 

125-J12 

125-D7 

Set AZZZZ FF 

L 

(SH AOP+) (TL3F F+) (AZZZZ- ) 

125-J12 

121-All 

Enable M register to 
shift counter 

L 

{SHAOP+)(TL3FF+) (AZZZZ-) 

125-J12 

124-G1 

Clear CB1TF 


(SC16F-) through (SCI IF-) 1 

j 

121 -X6 

126-C4 

Shift counta equals 

ZERO 

L 

NOR of EMC16 through i 

EMC11- 

126-F7 

118-A4 

Repeat TL2 timing level 

R 

{TL3FF+){ACYLF-)(MCRST+) 

125-B6/ 

J4 ' 

101-116-F11 

Clear D register to 

ONES 

R 1 

(TL3FF+){GENOP+)(M01FF-) | 

{M02FF+)(MCRST+) | 

125-B1 

101-1 16-N2 

Clear E regista 

S 1 

i 

{TL3FF+)(I0GRP-)(MCSET+) 

125-B5/ 

J4 

101-116-F5- 

F9 

Enable adder sum to 

D regista 

s ; 

{TL3FF+){GENOP+){M01 FF-) 
(M02FF+)(MCSET+) 

1 

See Page 2-59 for Common Shift Instr 

1 

125-B1 

uction Exit. 



101-1 16-L3 

Enable B regista to 

E regista 
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NEXT INSTRUaiON 
FETCH CYaE 


ALR 

1 + n/1 CYaES 
OP CODE 041 6N 


NOTES: 1. THIS INSTRUCTION IDENTICAL 
TO LGL EXCEPT FOR STATE OF 
D17DJ 


2. MISSING SIGNALS CAN BE 

FOUND IN ALR ENTRY ANALYSIS 


Instruction: Logical Left Rotate {ALR} 


opcode: 0416N Type: SH, 1 + n/2 cycles 

n = no. of shifts 


Description: 



No. of shifts 


0 


1 

ii 

IBB 

1 

1 

1 

0 

N 

N 

N 

N 

N 

N 

1 

2 


3 4 

5 6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Execution Time (//s): 1.6 + 0.8n 


Signal 


Origin 


Cyc 


Tim Clk 


Signal Component 


Origin 


D^ination 


Operation 


Common Entry {See Common Entry for Shift instructions. Page 2-46) 


SHASC-F 


120-P7 


CBITF 

CLATR- 

D17DJ+ 

SLATS-F 


124-PI 
122-K8 
130-G4 
122-P1 1 


TL2 

TL2 

TL2 

TL2 

TL2 


L 

(SHAOP-F){SCZRO-) 

120-L7 

1 122-D11/D12 
124— D1/D3/D5 

S 

(SHASC-f)(TL2FF-f){M07FF-f) 

(M10FF-){D01FF-f)(MCSET-f) 

124-D3 

124-P2 

R 

(SHASC+)(TL2FF-f)(M07FF-f) 

(MCRST+) 

122-C11/ 

J8 

1 101-116-L6 

1 

L 

{SHAOP+)(M09FF-f)(M08FF-f) 

(DOIFF-f) 

130-C3 

1 116-J5 

S 

{SH ASC-f) {TL2F F-f) (M07 F F-f) 

124-C11/ 

1 101-1 16-J5 


{MCSET-f) 

J11 



Shift A register and 
shift counter not equal 
to ZERO 

Set D1 into CBITF 
Clear A register 
Left shift end effect 
Shift left A register 


Common Exit (See Common Exit for Shift instructions. Page 2-59) 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


DEVELOP START MEMORY LEVEL 
0 - (M)^ l*s - (D) 

(P) + 1 - ADMR, 0 - (F) 
ADDER (D) 


MEMC1+ 

CLMTR-, CLDTR- 
EPai+, EIK17-, CLFTL- 
ESDTS+ 


instruction: Arithmetic Left SiHt (ALS) 

opcode: 0415N Type: SH, 1 + nj^ cycles 

n = no. of shifts 

Description: J-, — 0 

I OVF ^ (C) 


No. of shifts 

r - ^ 

0 1 ■* ■> 0 1 N N N I N N N 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (jus): 1.6 + 0.8n 



Signal 

Origin 

Cyc 

Tim 

Clk Signal Component 

Origin Destination 

Operation 




t i 1 ! 

11 1 *. 

Common Entry (See Common Entry for Shift Instructions, Page 2-46) 


SHASC-E 

120-P7 

F 

TL2 

L {SHAOP-!-)(SCZRO-} 

120-L7 122-D11/D12 

Shift A register and 






124-D1/D3/ 

shift counter not equal 






D5 

to ZERO 

r^t ATD-. 

'100_U'0 

p 

Ti ? 

D ■ /CU ACr'J.\/TI OCCj_\/ll«n-7CCj-\ 

ini— llfi—! fi 

r'loo.r' A s-anie+Of 





(MCRST-E) 

J8 


D17DJ- 

130-G4 

F 

TL2 

L (M08FFH-) 

130-C3 116-J5 

Clear A register bit 16 

SLATS+ 

122-P1 1 

F 

TL2 

S (SHASC-E)(TL2FF-E)(M07FF-E) 

122-C11/ 101-116-J5 

Shift left A register 





(MCSET-e) 

J11 


D1 ^ D2 

124-E7 

F 

TL2 

L See inputs to gate CBITF— 

r24-E7 124-P2 

Set CBlTFwilfi SHASC-E 


Common Exit (See Common Exit for Shift Instructions, Page 2-59) 


I's - (D), 1's ^ (E) 
ADDER ^ (D) 

(B) * (E) 


CLDTR-, aETR- 
ESDTS+ 

EBETSf 


L REPEAT T2 tRPn2-r 


AZZZZ = 0 
NO 

SC = 0 
YES 



1 « AZZZZ 
(M),]_]6 ^(SC) 

0 ^ CBITF 


SETAZ+ 

EMCTL+ 

EMCTL- 


R 0 , (Y) 

S (P) ^ (Y) 

L SET F-CYCLE ENTRY F-F 



NEXT INSTRUCTION 
FETCH CYaE 


NOTE: MISSING SIGNALS CAN BE 

FOUND IN ALS ENTRY ANALYSIS 


ALS 

1 + fv'2 CYaES 
OP CODE 0415N 
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NEXT INSTRUaiON 
FETCH CVaE 


ARR 

1 + n/1 CYCLES 
OP CODE 0406N 


NOTES: 1. THIS INSTRUCTION IDENTICAL 2. MISSING SIGNALS CAN BE 

TO LGR EXCEPT FOR STATE OF FOUND IN ARR ENTRY ANALYSIS 

DOODJ 


No. of shifts 


instniction: Logical Right Rotate (ARR) 


opcode: 0406N 
Description: 


Type; SH, 1 + n/2 cyci^ 

n = no. of shifts 


1 

□ 

0 

N 

N 

N 

N 

N 

N 

8 

9 

10 

11 

12 

13 

14 

15 

16 




TG 


C| 


5 6 7 

Execution Time {/is): 1.6 -s- 0.8n 


Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


Common Entry {See Common Entry for Shift Instructions, Page 2-46) 


SHASC+ 

CBITF 

CLATR- 

DOODJ-r 

SRATS+ 

MFG2^ 


120-P7 

124-Pl 
122-K8 
130-D1 
122-PI 2 
122-D12 


TL2 

TL2 

TL2 

TL2 

TL2 

TL2 


L 

(SHAOP-^){SCZRO-) 

120-L7 

S 

(SH ASC-F) ( M07 F F- ) {M08F F+) 

124-D4 


(TL2FF-f)(D16FF-f)(MC^ET+) 


R 

(SH ASC-F) (TL2F F-f) {M07 F F- ) 

122-C11/ 


(MCRST-F) 

J8 

L 

(SHAOP-F) (M08F F-f) (M09F F+) 

130-A2 


(D16FF+) 


S 

(SH ASC-F) (TL2F F-f) (M07 F F- ) 

122-C12/ 


(MCSET-f) 

J12 

L 

(SH ASC-F) (TL2F F+) ( M07 F F-) 

122-C12 


122-D11/D12 

124-D1/D3/D5 

124-P2 

101-116-L6 

101-J6 

101-116-J6 

124-G1 


Shift A register end 
shift counter not equal 
to ZERO 

Set D16 into CBITF 
Clear A register 
Right shift end effa;t 
Shift right A register 
Clear CBITF 


Common Exit (See Common Exit for Shift Instructions, Page 2-59) 
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No. of shifts 



Common Entry (S^ Common Entry for Shift Instructions, Page, 2-46) 


SHASC+ 120-P7 F TL2 L (SHAOP-H)(SCZRO-) 


S (SHASC-i-){M07FF^)(M08FF-i-) 
(TL2FF-^) {D 1 6FF-^) (MCSET-t-) 
L (SHASC-^)(M07FF-){TL2FF-^) 
R {SHASC-i-)(TL2FF-i-)(M07FF-) 
(MCRST-f) 

S (SHASC-^)(TL2FF-^){M07FF-) 
(MCSET-h) 

L (M10FF-^)(D0OFF-^) 

S {ESDTS-^)(R01PA-^)(G01DJ-) 

L (HOIDJ-) 

L {EASTL-H)(A01FF-l-) 


Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



CB1TF 

124-PI 

F 

TL2 

MFG2^ 

122-D12 

F 

TL2 

CLATR- 

122-K8 

F 

TL2 

SRATS-J- 

122-PI 2 

F 

TL2 

DOODJ-f 

130-D1 

F 

TL2 

DOOFF-!- 

130-K8 

F 

Tl_2 

R01PA+ 

101 -D7 

F 

TL2 

G01DJ- 

101 -C5 

F 

TL2 


120-L7 122-D11/D12 

124-D1/D3/D5 

124-D4 124-P2 

122-C12 124-G1 

122-C11/ 101-1 16-L6 
J8 

122-C12/ 101-116-J6 
J12 

122-A1 101-J6 

130-F6 130-F6 

101-C7 101 -D7 

101-A4 101-C5 


Shift A register and 
shift counter not equal 
to ZERO 

Set D16 into CB1TF 

Gear CTITF 
Clear A registo" 

Shift right A register 

Maintain sign bit 
Extension of D register 
Adder network OR gate 
Adder network OR gate 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ (SEE NOTE 1) 




NEXT INSTRUaiON 
FETCH CYaE 


LGL 

1 + n/1 CYCLES 
OP CODE 0414N 

NOTES: : 

1. THIS INSTRUCTION IDENTICAL 2. 

TO ALR EXCEPT FOR STATE OF 

D17DJ 

MISSING SIGNALS CAN BE 

FOUND IN LGL ENTRY ANALYSIS 



No. of shifts 
























ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


Instruction: Logical Right Shift (LGR) 
OP Code: 0404N Type: Sh. 1 + O; 


Type: Sh, 1 + n/2 cycles 

n = ix). of shifts 


Description: q 


L DEVELOP START MEMORY LEVEL] 
R 0 ^ (M), ] 's - (D) 

L (P) + 1 - ADDER, 0 (F) 

S ADDER ^ (D) 


No. of shifts 

t * 

0 100NNNNN N 

5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (jUs): 1.6 + 0.8n 


MEMCI+ 

CLMTR-, CLOTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 




|A]- 
0 . 

(D) , 

► (M) 

(P) 

(P) 


D^^ - CBlfF 
0 ^ (A) 

{D)i _15 - {A)2_i6 

0 ^ (A), 


(SC) + 1 ^ (SC) 


SHASC+ 

CLATR- 

SRATS+ 

DOODJ- 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 




i 1 1 1 

1 1 1 1 

Common Entry (See Common Entry for Shift Instructions, Page 2-46) 


SHASC-F 

120-P7 

F 

TL2 

L 

(SHAOP-F)(SCZRO-) 

120-L7 

122-D11/D12 

Shift A register and 








124-D1/D3/D5 

diift counter not equal 
to ZERO 

CBll F 

124-Pi 

F 

TL2 

S 

(SKASC-!-) ( MU/ h h- J ( WlOtJF h-F) 

1 24 — D4 

124-P2 

Set D16 into CBITF 






(TL2FF-F) (D 1 6FF-F) (MCSET-F) 




CLATR- 

122-K8 

F 

TL2 

R 

(SHASC-F) {M07F F- ) (TL2FF-F) 

122-C11/ 

101-1 16-L6 

Clear A register 






(MCRST-F) 

J8 



SRATS-F 

122-PI 2 

F 

TL2 

S 

(SHASC-f){TL2FF-f){M07FF-) 

122-C12/ 

101-1 16-J6 

Shift right A register 






(MCSET-F) 

J12 



MFG2E- 

122-D12 

F 

TL2 

L 

(SHASC-F) {TL2 F F-f) (M07FF-) 

122-C12 

124-Gl 

Clear CBITF 

DOODJ- 

130-D1 

F 

TL2 

L 

(M10FF-)(M08FF-f) 

130-A2 

101-J6 

Clear A register bit 1 


(A) . ADDER 


EASTL+ 

(SEE NOTE) 


l‘s . (D), 1-s - ^) 

ADDER - (D) 

(B) ^ (E) 



f AZZZZ = 

r- ^ 


NO 



Q SC- 

r- ^ 




ENTER T4 


CLDTR-, CLETR- 
ESDTS+ 

EBETSf 


L REPEAT T2 RP^2^ 


1 - AZZZZ 

0 - CBITF 


SETAZ+ 

EMCTL+ 

EMCTL- 


R 0 - (Y) 

M (P) ^ (Y) 

L SET F-CYCLE ENTRY F-F 


Common Exit (See Common Exit for Shift Instructions, Page 2-59) 


NEXT INSTRUaiON 
- FETCH CYaE 


NOTES: I. THIS INSTRUCTION IDENTICAL 
TO ARR EXaPT FOR STATE OF 
DOODJ 


2. MISSING SIGNALS CAN BE 

FOUND IN LGR ENTRY ANALYSIS 


LGR 

1 r/2 CYCLES 

OP CODE 0404N 
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ENTER FROM PREVIOUS OPERATION 
{FETCH CYCLE ENTRY ENABLED) 


T2iT3 

CTLATi) 


0*(M), ]'s.(D) 
(P) + I » ADDER, 0 - (F) 
S| ADDER > {D) 


[EA]. (M) 
0 -(P) 
(P) -{P) 


aMTR-, aDTR- 

EPaL+, EiK17-, aFTL- 
ESOTSi- 


MMnnF- 

aPTR- 

EDPTSf 


liKtixiction: Long Left Logics Siift (LLL) 

opcode: 0410N Type: SH, 1 + n/2 cycles 

n = no. of shifts 

fcHl A leMl B 16h- 


No. of shifts 


N N N N N N 


5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time {(ish 1.6 + 0.8n 



Signal 

Origin 

Cyc 

Tim 

CHc 

Signal Component 

Origin 











Common Entry (See Common Entry for Sirft Instn 

jctions. Page 

SHASC+ 

120-P7 

F 

TL2 

L 

(SHAOP+){SCZRO-) 

120-L7 

CBITF 

124-Pl 

F 

TL2 

S 

(SHASC+)(TL2FF-f)(M07FF+) 

124-D3/ 






{M10FF-)(D01FF+)(MCSET+) 

K2 

CLATR- 

122-K8 

F - 

TL2 

R 

(SHASC-^)^rL2FF-^)(M07FF-^) 

122-C12 






(MCRST-F) 


CLBTR- 

123-M6 

F 

TL2 

R 

(SHASC+) (TL2FF-I-) (M07FF+) 

123-F4/ 






(M08FF-)(MCRST+) 

L6 

D170J+ 

130-G4 

F 

TL2 

L 

{ACYLF-)(M08FF-){M10FF-) 

13Ch-C4 






(E01FF+) 


SLATS+ 

122-P11 

F 

TL2 

S 

{SHASC+) (TL2FF+) {M07FF-F) 

122-C11 

E0CDJ+ 

130-E8 

F 

TL2 

L 

{E02FF+) 

130-E8 

SLBTS+ 

123-P4 

F 

TL2 

S 

(SHASC+)(TL2FF+)(M07FF+) 

123-F4/ 






(M08FF-){MCSET-h) 

L4 

EOODJ+ 

130-D12 

F 

TL2 

L 

{M09FF+){D01FF+) 

130-A12 


Destination 

2-46) 

122- D11/D12 

123- F4 

124- D1/D3 
124-P2 

101-116-L6 

101-116-L2 

116-J5 

101-116-J5 
101-J1 
101-1 16-Jl 


(A) « ADDER 


EASTL+ 

(SEE NOTE) 


r,^p), 1-s -(E) 
ADDER .. p) 

(B) >(E) 


AZZZZ = 0 


CLDTR-, aETR- 

ESDTSf 

EBETS+ 


L REPEAT T2 RPTT2^ 


L 1 . AZZ2Z 

^ (W)j 

L 0 * CBITF 


SETA2+ 

EMCTL+ 

EMCTL- 


SC = 0 
YES 


Common Exit (See Common Exit for Shift Instructions, Page 2-59) 


Operation 


Shift A regista' and 
shift counts not equal 
to ZERO 

Set D1 into CBITF 

Clear A register 

Clear B registo- 

Left diift end effect 

Shift left A roister 
Set E2 into B1 
Shift left B r^Kter 

SetB16 


ENTER T4 



R 0 * (T) aVTR- 

S (P) . (Y) EPYTSf 

L DEVELOP START MEMORY LEVEL MEMC1+ 

L SET F-CYCLE ENTRY F-F FCYEFf 



NEXT INSTRUaiON 

LLL 

1 + fv'2 CYCLES 
OP CODE 041 ON 


FETCH CYaE 

NOTES: 

2, MISSING SIGNALS CAN BE 

'^ATC OF EWDJ ^ FOUND IN LLL ENTRY ANALYSIS 












NEXT INSTRUaiON 
FETCH CYaE 


LLR 

1 + n/2 CYaES 
OP CODE 041 2N 


NOTES: 1. THIS INSTRUCTION IDENTICAL 2. MISSING SIGNALS CAN BE 

TO LLL EXCEPT FOR STATE OF FOUND IN LLR ENTRY ANALYSIS 




No. of shifts 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 


SHASe+ 120-P7 F TL2 

CB1TF 124-PI F TL2 

CLATR- 122-K8 F TL2 

CLBTR- 123-M6 F TL2 

D17DJ+ 130-G4 F TL2 

SLATS+ 122-P11 F TL2 

E0CDJ+ 130-E8 F TL2 

SLBTS+ 123-P4 F TL2 

EODDJ-F i:^D12 F TL2 


Common Exit (See Common Exit for Shift instructions. Page 2-59) 



L (SHAOP-i-)(SCZRO-) 120— L7 122— D11/D12 Shift A register and 

1 23— F4 shift counter not equal 

124- D1/D3 to ZERO 

S (SHA^+){TL2FF+){M07FF+) 124-03/ 124-P2 Set 01 into CB1TF 

(MiOI-h- ){LiUti-t-+){MCSt i+) K2 

R (SHASC-»-){TL2FF-i-)(M07FF-F) 122-C12 101-1 16-L6 Clear A register 

(MCRST-F) 

R (SHASC+){TL2FF+){M07FF-i-) 123-F4/ 101-116-L2 Clear B register 

{M08FF-){MCRST-^) L6 

L {ACYLF-){M08FF-)(M10FF-) 130-C4 116-J5 Left shift end effect 

(EOlFF-i-) 

S {SHASC+)(TL2FF+)(M07FF-f) 122-C11 101-116-J5 Shift left A register 

(MCSET-L) 

L {E02FF-^) 130-E8 101-J1 SetE2andB1 

S (SHASC-F)(TL2FF-F)(M07FF-h) 123-F4/ 101-116-J1 Shift left B register 

(M08FF-)(MCSET-^) L4 

L (SHAOP-^)(M09FF-^)(O01FF-l-) 130-A12 116-J1 Set 01 into B16 





















ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


T1 


No. of shifts 


FCYEFf 


Instruction: Long Arithmetic Left Shift ( LLS) 
opcode: 041 IN 


DEVELOP START MEMORY LEVEL 
0^(M), ]‘s^(D) 

(P) + 1 - ADDER, 0 « (F) 
ADDER ^ (D) 


Description: 


MEMCt-r 

CLMTR-, aDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTS+ 


Type: SH, 1 + n/2 cycles 

1 n = no. of shifts 

iJ fi^ H2 


16 


B 16h — 0 






^ 

— 



*' 


> 

! ’ 1 

L?J 


□ 

N 




N 

N 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


OVF -J- (Cj 


Execution Time (/xs) : 1 .6 -r G.8n 


0 ^(P) 

(D) - (P) 


T2 


T2&T3 

(TUTE) 


iVuVoinr- 

aPTR- 

EDPTSf 


R 

L,S 

L,S 

L 


0 ^ (A), 0 ^ (B) 

Eo - Aj^^ ^)2-16 ^^^1-15 

^^3-16 ■* 


Ej * 


■'2-15 


CLATR-, CLBTR- 
D17DJ+, SLATS+ 
E0CDJ+, SLBTS+ 
E0DDJ+ 


f 

D, 

= D- 

"^YES 


1 

2 

J 





L 

1 - 

ElB 





1 

(SC) + 1 

► (SC) 



INCSC+ 

mz 




(A) - ADDER 


EASTL+ 

(SEE NOTE) 


T3 


I's ^ (D), I's ^ (E) 

ADDER (D) 

(B) * (E) 

■ 


^ AZZZZ = 0 


NO 


C 3 


YES 

ENTE 

RT4 


CLDTR-, aETR- 

ESDTSf 

EBETS+ 


REPEAT T2 


YES 


NO 


1 - AZZZZ 

('^)n-i6 - (SC) 

0 - CBITF 


SETAZ+ 

EMCTL+ 

EMCTL- 


Rpnz 


T4 


RPTT2- 


0 , (Y) 

(P) - (Y) 

SET F-CYCLE ENTRY F-F 


ZZZZJ 


aYTR- 

EPYfS+ 

FCYEFf 


NEXT INSTRUaiON 
FETCH CYaE 


LLS 

1 + n/2 CYCLES 
OP CODE 041 1 N 


NOTE: MISSING SIGNALS CAN BE 

FOUND IN LLS ENTRY ANALYSIS 


Sigpal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 




1 

1 

Common Er 

itry (See Common Entry for Shi-ft Instru 

ctions. Page; 

2-46) 


SHASC+ 

120-P7 

F 

TL2 

L 

{SHAOP+)(SCZRO-) 

120-L7 

122-D11/D12 

Shift A regista* and 








123-F4 

diift counta’not equal 








124-C1/D3 

to ZERO 

CLATH- 

122-K8 

F 

TL2 

R 

{SHASC+) (TL2F F+) (MO? FF+) 

122-C12 

101-116-L6 

Clear A roister 






(MCRST+) 




CLBTR- 

123-M6 

F 

TL2 

R 

(SHASC+)(TL2FF+) (M07FRI-) 

123-F4/ 

101-116-L2 

Clear B register 






{M08FF-)a(?lCRST+) 

L6 



D17DJ+ 

130-G4 

F 

TL2 

L 

{M08FF-)flli10FF+)(E02FF+) 

130-C5 

11&-J5 

Left shift end effect 

SLATS+ 

122-P11 

F 

TL2 

S 

(SHASC+HTL2FF+) (M07FF+) 

122-CI1 

10a--116-J5 

Shift left A register 






(MCSET^i 




E(X»J+ 

130-E8 

F 

TL2 

L 

(ACYLF-I0M 1 0F F+) (EOlFfF- ) 

130-^ 

m-ji 

into B1 

SLBTS+ 

123-P4 

F 

TL2 

S 

(SHASC4MrL2FF+) (M07PF+) 

123-F4/ 

n®i-ii6-Ji 

Sl^ left B register 






(M08FF-lt(MCSET+) 

L4 



E(»DJ+ 

130-D12 

F 

TL2 

<L 

(M09FF48e)01FF+) 

130-A12 

116-J1 

SttBie 

D1#D2 

124-E7 

F 

TL2 

L 

See inpuis^o gate CBITF 

1»-€7 

n24-P2 

Set CBITF with SHASC-F 


Common Exit (See Cranmon Exit hirSIhift lnstruction^!T^^&'59) 


2-55 






















No. of shifts 



Common Entry (See Common Entry for Shift instructions. Page 2-46) 


SHASC+ 120-P7 F TL2 L (SHAOP-t){SCZRO-) 120-L7 122-D11/D12 Shift A register and 

1 23— E4 shift counter not equal 

124- D1/D3 to ZERO 

CBITF 124-Pl F TL2 S {TL2FF-^)(SHASC-^){M07FF-) 124-D5 124-P2 Set E16 into CB1TF 

(M08FF-)(E16FF+){MCSET-t-) 

MFG2E- 122-D12 F TL2 L (SHASC-i-)(TL2FF+){M07FF-) 122-C12 124-G1 Clear CBITF 

CLATR- 122-K8 F TL2 R {SHASC-i-)(TL2FF-i-)(M07FF-) 122-C11/ 101-1 16-L6 Clear A register 

(MCRST-h) J8 

CLBTR- 123-M6 F j TL2 R {SHASC+)(TL2FF-t)(M07FF-) 123-F6/ 101-1 16-L2 Clear B register 

(M08FF-)(MCRST-i-) L6 

DOODJ- 130-D1 F TL2 L (M10FF-)(M09FF-) 130-A2 101-J6 Clear A register bit 1 

with SRATS-i- 

SRATS+ 122-P12 F TL2 S (SHASC-^)(TL2FF-^){M07FF-) 122-C12 101-1 16-J6 Shift right A register 

(MCSET) 

E0ADJ+ 130-E10 F TL2 L (M10FF-)D16FF-) 130-C11 101-J2 Set D16 into B1 

SRBTS+ 123-P8 F TL2 S (SHASC-^){TL2FF-^){M07FF-) 123-F6/ 101-1 16-J2 Shift right B register 

(M08FF-){MCSET-H) L8 


Common Exit (See Common Exit for Shift Instructions, Page 2-59) 
























ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


MEMCI+ 

CLMTR-, CLDTR- 
EPa±+, EIK17-, aFTL- 
ESDTSi- 


[EA]- (M) 
0 . (P) 
(D) ^ (P) 


MMnnF- 

aPTR- 

EDPTSt 


E,^ ^CBITF 


R 0 « (A), 0 ^ (B) 

E,S - B,, (E)] _i5 -'(B)2_i6 


(SC) + 1 « (SC) 


SHASC+ 

CLATR-, CLBTR- 
DOOOJ+^ SRATSf 
E0ADJ+, SRBTSt 


instruction: Long Right Rotate (LRR) 

OP Code: 0402N Type: SH, 1 + n/2 cycles 

n = no. of shifts 

Description: I f - - m r— ^ Lr:: 


Cyc Tim 


B isH Hc! 

I CHc I 


No. of shifts 

^ ^ 

0 010NNNNNN 

5 6 7 8 9 10 11 12 13 14 15 16 

Ex^ution Time (jUs): 1 .6 -F 0.8n 


Signal Component 


Destination 


SHASC-F 120-P7 

CBITF 124-PI 

CLATR- 122-K8 

CLBTR- 123-M6 

DOODJ-F 130-D1 

I SRATS+ 122-PI 2 

MFG2E- 122-D12 
EOADJ-F 130-E10 
SRBTS+ 123-P8 


Common Entry (See Common Entry for Shift Instructions, Page 2-46) 


L 

(SHAOP-F){SCZRO-) 

i20-L7 

S 

(TL2 F F-f) (SHASC-F) (M07 F F- ) 

124-D5 


(M08F F- ) (E 1 6F F- ) ( MCSET-F) 


R 

(SHASC-F) (TL2F F-F) (M07F F- ) 

122-C11/ 


(MCRST-F) 

J8 

R 

(SHASC-F) (TL2FF-F) {M07FF- ) 

123-F6/ 


(M08FF-)(MCRST-f) 

L6 

L 

(SHAOP-f)(M08FF-)(M09FF-f) 

130-A3 


(E16FF-F) 


S 

(SH ASC-F) (TL2F F-f) (M07 F F- ) 

122-C12 


(MCSET-F) 


L 

(SHASC-F) (TL2F F-f) (M07 F F- ) 

122-C12 

L 

(M10FF-)(D16FF-) 

130-C11 

S 

(SHASC-F) (TL2FF-F) (M07F F- ) 

123-F6/ 


(M08FF-)(MCSET+) 

L8 


123- E4 

124- D1/D3 


Operation 


Shift A register and 
shift counter not equal 
to ZERO 

Set El 6 into CBITF 

Clear A register 

Clear 8 register 

Set El 6 into A1 with 
SRATS-F 

Shift right A roister 

Clear CBITF 
Set D16 into B1 
Shift right B register 


Common Exit (See Common Exit for Shift Instructions, Page 2-59) 


T2 &T3 
gLATE) 


(A) - ADDER 


EASTL-F 
(SEE NOTE) 


l‘s 4 p), 1-s ^ (E) 

ADDER .. P) 

(B) * (E) 


' 

^ AZZZZ = 

3 


NO 




} 



YES 

ENTER T4 


CLDTR-, CLETR- 
ESDTS+ 

EBETSf 


1 .. AZZZZ 
0 - CBITF 


L REPEAT T2 RPn2 


SETAZ-f 

EMCTL-f 

EMCTL- 


R 

0 ^ (Y) 

CLYTR- 

S 

T4 

(P) « (Y) 

EPYTSt 

L 

SET F-CYCLE ENTRY F-F 



FCYEFf 

i 


next instruction 
FETCH CYaE 


NOTES: 1. THIS INSTRUCTION IDENTICAL 
TO LRL EXCEPT FOR STATE OF 
D0(X3J 


■■ 

l^-fj^SLYCLES 

i:S,.^DE-€»402N 


MISSING SIGNALS CAN BE 
FOUND IN LRR ENTRY ANALYSIS 
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NEXT INSTRUaiON , „5 

FETCH CVaE 1W2 CYCLES 

OP CODE 0401 N 


NOTE: MISSING SIGNALS CAN BE 

FOUND IN LRS ENTRY ANALYSIS 


No. of ^ifts 


Instruction: Long Arithmetic Right Shift (LRS) 

OP Code: .0401 N Type: SH, 1 + n/2 cycles 

n = no. of ^ifts 


Description: I , . — ■ , , — , 

Ua,-U |2 a 16{ -I Bi H2 B i6( -4q 


^ ^ ~ ^ 


1 ' 1 

9 I 

m 

W 

0 

0 

0 

1 

N 

N 

N 

N 

N 

N 

1 

2 

3 4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Execution Time (jUs): 1 .6 + 0.8n 


Signal 


Origin Cyc Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


SHASC+ 

CB1TF 

CLATR- 

CLBTR- 

D00DJ+ 

D00FF+ 

R01PA+ 

G01DJ- 

SRATS+ 

MFG2E- 

E0ADJ+ 

E0BDJ+ 

SRBTS+ 


120-P7 

124-PI 

122- K8 

123- M6 

130-D1 
130-K8 
101 -D7 
101 -C5 
122-P12 

122- D12 
130-E10 
130-H1 

123- P8 


TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 


Common Entry (See Common Entry for Shift Instructions, Page 2-46) 
(SHAOP+)(SCZRO-) 


(TL2FF+)(SHASC+){M07FF-) 
{Wiuai- F- ) (fc 1 61- F+) {MCSh 1 -t) 
(SH ASC-F) (TL2 F F-f) ( M07 F F- ) 
(MCRST-f) 

(SHASC-f){TL2FF+)(M07FF-) 

{M08FF-)(MCRST-f) 

(M10FF-f}{D00FF-f) 

(ESDTS-F) ( R01 PA-F) (GOI DJ- ) 
(HOLDJ-) 

{EASTL-f)(A01FF+) 

(SHASC-f){TL2FF+){M07FF-) 

(MCSET-F) 

(SH ASC-F) (TL2F F+) {M07 F F- ) 

{M10FF-f){E01FF-) 

{M10FF+)(D16FF-) 

(SH ASC-F) (TL2 F F-f) (M07 F F- ) 
(M08FF-)(MCSET-f) 


120-L7 


124-D5 

122- C11/ 
J8 

123- F6/ 
L6 

130-A1 

130-F6 

101-C7 

101-A4 

122-C12/ 

J12 

122- C12 
130-C11 
130-F1 

123- F6/ 
L8 


122- D11/D12 

123- E4 

124- D1/D3 
124-P2 

101-1 16-L6 

101-116-L2 

101-J6 
130-A1 
101 -D7 
101-C5 
101-1 16-J6 

124-G1 

101- J2 

102- J2 
101-116-J2 


Shift A register and 
shift counter not equal 
to ZERO 

Set E16 into CB1TF 

Clear A register 

Clear B register 

Maintain sign bit 
Extension of D register 
Adder network OR gate 
Adder network OR gate 
Shift right A register 

Clear CB1TF 
Set El into BI 
Set D16 into B2 
Shift right B register 
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Common shift instruction exit 


Instruction: 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

INCSC+ 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 

* Repeal 

See Page 2 

126-P5 

129-P3 

129-P4 

126-K12 

150-D2 

T3 and T2 a 

-46 for Comr 

F 

F 

F 

F 

F 

srequ 

non Sh 

TL2 

TL4 

TL4 

TL1 

TL1 

red and enl 

ift Instruct 

L 

R 

S 

L 

L 

[erT4. 

ion En 

(FCYEF+}{TL2FF+)‘ 

(ACYNX-)(TL4FF+){MCRST+) 

{PiSEX- ) (EOi NS+) (OPGJS- ) 

(tL1FF+){SPMOD-) (IGACY+) 

(MEMCI+){MBSYX-) 

try. 

126-L5 

129-H3/ 

N3 

125— D4 

126- F12/ 
J12 

150-A2 

121-A4 

101-116-N12 

101— 116— L10 

150-A2 

150-D2 

Increment shift counter 

Clear Y roister 

Enable P register to 

Y register 

Enable memory cycle 

Start memory cycle 


TABLE 2-1. 

GENERATING OPGJS+ FOR SPECIFIC SKIP INSTRUCTIONS 


Instruction 

Op CcMje 

Conditions for SKGRP+ 

Origin 

Skip If C Set (SSC) 

101001 

(CB1TF+)(M16FF+)(MEMAC-) 

(SKGKP+)(M07rh+) 

129-A10/H10 

Skip. If C reset (SRC) 

100001 

[(CB1TF+)(M16FF-i-)]-(MEMAC-) 

(SKGRP+)(M07FF-) 

129-A10/H11 

Skip If Ai6 = 1 (SLN) 

101100 

( A 1 6F F+) (M 1 0F F+) (M EM AC- ) 

(SKG RP+) (M07 F F+) 

129-A4/H10 

Skip If Ai6 =0 (SLZ) 

100100 

[(A16FF+)(M10FF+)]-(MEMAC-) 

(M07FF-) 

129-A4/H11 

Skip If A Minus (SMI) 

101400 

(A01FF+)(M08FF+)(MEMAC-) 

(SKGRP+)(M07FF+) 

129-A12/H10 

Skip If A Plus (SPL) 

100400 

[(A01FF+)(M08FF+)]-(MEMAC-) 

(M07FF-) 

129-A12/H11 

Skip If A Not Zero 
(SNZ) 

101040 

(AZEROHM 1 1 FF+)(MEMAC=l 
(SKGRP+)(M07FF+) 

129-B9/H10 

Skip If A Zero (SZE) 

100040 

[(AZERO-)(M11FF+)] -(MEMAC-) 
(M07FF-) 

129-B9/H11 

Skip If Sense Switch 

1 is Set (SSI) 

101020 

(SENS1+)(M12FF+)(MEMAC-) 

(SKGRP+)(M07FF+) 

129-B5/H10 

Skip If Sense Switch 

1 is Reset (SRI) 

100020 

[(SENS1+)(M12FF+)]-(MEMAC-) 

M07FF-) 

129-B5/H11 

Skip If Sense Switch 

2 is Set (SS2) 

101010 

(SENS2+)(M13FF+)(MEMAC-) • 
(SKGRP+)(M07FF+) 

129-B6/H10 

Skip If Sense Switch 

2 is Reset (SR2) 

100010 

[(SENS2+)(M13FF+)]-(MEMAC-) 

(M07FF-) 

129-B6/H11 

Skip If Sense Switch 

3 is Set (SS3) 

101004 

(SENS3+)(M14FF+)(MEMAC-) 

(SKGRP+)(M07FF+) 

129-B7/H10 

Skip If Sense Switch 

3 is Reset (SR3) 

100004 

[(SENS3+)(M14FF+)]-(MEMAC-) 

(M07FF-) 

129-B7/H11 

Skip If Sense Switch 

4 is Set (SS4) 

101002 

(SENS4+)(M15FF+)(MEMAC-) 

(SKGRP+)(M07FF+) 

129-B8/H10 

Skip If Sense Switch 

4 is Reset (SR4) 

100002 

[(SENS4+)(M15FF+)]-(MEMAC-) 

(M07FF-) 

129-B8/H11 

Skip If Any Sense ‘ 
Switch Set (SSS) 

101036 

(SENS1+)(M12FF+)V(SENS2+) 
(M13FF+) V(SENS3+)(M14FF+) 
V(SENS4+) (M 1 5F F+) A ( M EM AC- ) 
(SKGRP+)(M07FF+) 

129-B6/B7/B8/ 

H10 

Skip If Any Sense 
Switch Reset (SSR) 

100036 

[(SENS1+)(M12FF+)V(SENS2+) 

(M13FF+)V(SENS3+)-(M14FF+) 

V(SENS4+)(M15FF+)]A(MEMAC-) 

(SKGRP+)(M07FF-) 

129-B6/B7/B8/ 

H11 

Unconditional Skip 
(SKP) 

100000 

(M08FF-) through (M16FF-) 
(MEMAC-) (SKGRP+) (M07FF-) 

129— A3 through 
A11/H11 

Skip If Memory 

Parity Error (SPS) 

101200 

(MPEFF-) (M09FF+) (MEMAC-) 
(SKGRP+) (M07FF+) 

129-A1/A2/H10 

Skip If No Memory 
Parity Error (SPN) 

100200 

(MPEFF-) (M09FF+) (MEMAC-) 
(SKGRP+) (M07FF-) 

129-A1/A2/H11 
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L DEVELOP START MEMORY LEVEL MEMCI+ 

R O-i-(M), Ts-^(D) . CLMTR-, CLDTR- 

L (P) + 1 -LADDER, 0— (F) EPSLL+, EIK17-, CLFTL- 

S ADDER— ^(D) ESDTS+ 



S ENABLE extended MODE SEXTF+* 

S DISABLE EXTENDED MODE SEXTF-** 


T4 R 0 — CY) CLYTR- 

S (P)— ^(Y) EPYTS+ 

S SET F-CYCLE ENTRY F-F FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 


*APPLICABLE ONLY FOR EXA INSTRUaiON 
WHEN COMPUTER IS EQUIPPED WITH 
MEMORY EXPANSION OPTION 


EXA/DXA 
1 CYCLE 

OP CODES 000013/00001 1 


♦APPLICABLE ONLY FOR DXA INSTRUCTION 
WHEN COMPUTER IS EQUIPPED WITH 
MEMORY EXPANSION OPTION 
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Instruction: Reset Memory Parity Error (RMP) 



NEXT INSTRUCTION 
FETCH CYCLE 


RMP 

1 CYCLE 

OP CODE 000021 


OP Code: 000021 Type: G, 1 cycle 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Description: Resets memory parity indicator Execution Time (jLts): 1.6 


Signal 

Origin 

Cyc 

Tim 

Clk 

Signal Component 

Origin 

Destination 

Operation 

EPSLL+ 

128-K4 

F 

TLATE 

L 

(FCYEF+)(TLATE-) 

128-G3 

101-1 16-A9 

Enable P register to 
adder 

EIK17- 

127-P5 

F 

TLATE 

L 

(TLATE-) 

127-K6 

116-F7-F9 

Force carry to adder 

CLMTR- 

128-P9 

F 

TL1 

R 

(MCRST+){HOLDM-)(TL1 FF+) 

128-P9 

101-116-L9 

Clear M register 



C 

Ti i 

D 

(!CYE.f^-)(ACYEF-)(TLlFF+) 

1 25— .A6 


Clear D reaister to 

1 n 






ONES 

CLFTL 

125-K8 

F 

TL1 

L 

{!CYEF-)(ACYEF-){TL1FF+) 

125-A6 

120- A1 

121- A5 

125-D8 

Clear F register 

Clear shift counter 

Clear AZZZZ FF 

ESDTS+ 

MMnrF- 

1 25— m4 

142 

F 

TL1 

S 

/lovpc^i/ Ar-\/cc-.\/xi ic:cju\ 

\ioTCi 1 

{SWnn±){STRB-) 

125-A6 

80.04 

101-1 16-F5- 
F9 

101-116-H8 

Enable adder sum to 

D register 

Memory data set into 

M register 

CLPTR- 

129-M10 

F 

TL2 

R 

{FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-){MCRST+) 

129-E7/ 

L10 

101-116-L12 

Clear P register 

EDPTS+ 

129-P9 

F 

TL2 

S 

(FCYEF+){TL2FF+){SCZRO+) 

{MEMAC-){MCSET+) 

129-E7/ 

L10 

101-1 16-J11 

Enable D register to 

P register 

RPEFF+ 

133-E4 

F 

TL4 

S 

(GENOB+) (M 1 2F F+) (TL4F F+) 
(MCSET+) 

133-D4 

133-G4 

Reset memory parity 
error flip-flop 

CLYTR- 

129-P3 

F 

TL4 

R 

(SCZRO+){TL4FF+)(MCRST+} 

129-El/ 

H3 

101-116-N12 

Clear Y register 

EPYTS+ 

129-P4 

F 

TL4 

S 

(PISEX-)(EOINS+){TL4FF+) - 
{OPGJS-){MCSET+) 

129-D4 

101-116-L10 

Enable P register to 

Y register 

MEMCI+ 

126-K12 

F 

TL1 

L 

{TL1FF+)(SPMOD-; (IGACY+) 

126-F12/ 

J12 

150-A2 

Enable memory cycle 

C0XXX+ 

150-D2 

F 

TL1 

L 

(MCSET+)(MEMCI+)(MBSYX-) 

150-A2 

■ 

150-D2 

Start memory cycle 
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SECTION rv 

TYPE 316-0110 LOGIC BLOCK DIAGRAMS 


This section contains all logic block diagrams for the Type 316-01 10 central processor. These diagrams are 
tabulated in the contents at the front of this manual. 
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A B C 0 E 

J I I I L 


LBi). NO. 

100 


hi 



2 

o 

cc 

ii. 


5 

> 

UJ 

a 

(n 

o 

< 

Q. 


702 : REAL TIME CLOCK J-0012 CC-344 
D. M, C. CABLE LOCATIONS 

PRIORITY INTERRUPT CABLE LOCATION 

703; HSA 


A 

A 

A 

A 


704;ASR 

EXTENDED ADDRESSING OPTION 

MEM LOCKOUT AND MEM PARITY OPTION 

708 REAL TIME CLOCK J-I200CC-S96 



2 


3 


4 


5 


6 


8 


9 


10 


11 


12 
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a< <1 < <3 


A 

J. 


[I28] SRSTL+ 
[103] A03FF+ 


[|2?] EASTL+ 
A04FF+ 


[l28] EXSTL+ 
X04FF+ 


[l27] EMSHL-t- 
I«I04FF- 


[l27] ENSHL+ 
H04FF+ 


[|28] EPSLL + 
P04FF- 


[l28] EYSHL+ 
Y04FF- 


B C 

J L 


D E F G H J K 

J 1 1 I I I L 


L M N 

J I L 


P 

J- 


LB.D. NO. 

0.104 
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<< << 


koz 

[i2Sj SRSTS.4- — SROso- 
[|04] A04FF+ — 365 01^ 


[12T] EASTL+ — EA050- 
A05FF+ — 365 OZ 


[l2»] EXSTL+ =^EX050- 
X05FF+ 1365 ^ 


[127] EMSHL+ ^EM05D- ^ 

M05FF- ^ 365 04 J [l27] JAMKM-B 36517/ p 


[l27] ENSHL+ — EN050- 
M05FF+ —365 05^ 


[128] EPSLL+ ^ EP05D- WSl, 
P05FF- 365 06/ 


[128] EYSHL+ — EY05 D- 
Y05FF- 1^365 07. 


[|23] SDARS+ 1 A05S0- 

[|03] 0O3FF+ 401 05 


[142] SDR05- 
[l25] CLOTR- 


[l26] CUROR- 


AI3 A A 841 025]CLETR- ^ AiS ^ 

[|23] SRBTS+ 2i^B<»SR- P 1 ' [l23] CLBTR- — B05FF- [l42]CLBI«* E05FF + 

finil Fr%4FT4- £21^368 B4 J ri42lCLBMI»- — 368 B7y I 368 C4. 


[104] E04FF+ ^368 B4^ [|42]CLBMP- ^^368 B7^ 


AI3 \ A13 ^ 

B05ED- ^ E05EB+ 

36 8 8^ ' [|2 5]EBETS+ ^368 


A02 A U;£Lao2 A 

[ 122 I SLATS+ — A05SL- « [l22] CLATR- ^ A05FF- 

[IO 6 ] D06FF+ — 365 33/ [Ke] CLAMP 365 48/ 



A13 

- E05FF- 
368 e5. 


A04 X 
M05FF-AJ 
370 06/ 


[142] MM05F- — A02 
EDMOS- C24 


;ao2 


1 365 49 / 



R05PA+ ESI405- jC^ [|42]CLMMP- ^ M05FF- ^ 

[|2B] ESMTS+ 21^365 ’V [l28]CLIITR- 50/ ^ [128]EMXTS+ ^ 


TO5E0- [|29]EPYTS+ ;=^Y05EP- 

365 SB y I 1365 64 


[ 129 ] EDYTS+ ^12^365 sB 


A02 ^ 

£ii- P05ED- 

[ 129 ] EOPTS+ — 365 3^ 







[l42] CLPMP- 222jp05FF- b ' [|42]CLPIIP 

ri!>a1 ri DTD- g^365 51/ [|29]CLYTR 


[l29]CLPTR- 5^366 5l/ [|29]CLYTR 


HON.EYWELL 

INC. 

COMPUTER CONTROL DIVISION 


DR. D. HAMEL 


PROJECT NO. 55202 



DWG NO. 

70024489 
























<] < < < 
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a<] <J <] < 


A02 

[iSbI SRSTL+ ^ SROTO- 
PO€Q A06FF+ — 365 7^ 


D 233 SOBRS+ eOTSO- 

[|05]e05FF+ — 375 19 


[ 123 ] SOARS-I- J A07SO- 

[ 105 ] OOSFF-F — 401 


AOS > 

[122] ETAHS+ ^ A67ET- 
[ 1 I 6 JOI 8 FF+ 03^ 



[i 233SLBTS+ — B07SL- 
[lOe] E08FF+ ^ 366 06 


[ 127 ] EASTL4 — EA07D- 
A07FF+ — 365 7^ 


A02 

[l28] EXSTL+ — EX070- 
X07FF+ 365 73/ 


[|27] EM3HL+ — EI*07D- 
B07FF- — 365 74 . 


A02 ^ 

[l27] ENSHI.+ ^EN070- 
II07FF+ S12 365 75. 


Lcsl EPSLL+ — EP070- h£li. 
P07FF- 365 76^/ 


A02' > 

[128] EYSHL+ ^ Er070- 
WTFF- §21 365 77. 


[|25]E10TS+ ^007EI+ b^Sii 
[ 142 ] IMB07- &2S 365 9^ 


[ 125 ] ESOTS+ — A02 
Dl7] S08CC+ — 007ES+ 
£2i 365 96 . 


[127] JAHKN-B 


[l25] ESOTS+ — a02 ■ ^ 

D07ET+ 

— 365 97.. 

[ 117 ] S08CA- 


[ 125 ] ES0TS+ — A02 ^ 

D07EU+ 

2!L365 98^ 

[ 1 17] S08CA 



[|42] S0R07- — A02 \ 

[l25] CLDTR- — 007 FF+ 


[|26] CUROR- 


A02 > 
A07FF- 
365 B8> 


p 

H07FF-A 
370 36^ 



X07FF- p 

565 





ESII07- p 1 [|42]CLMMP 

[128] ESIITS+ *2^365 Kt J [l2S]Cl.MTR 



Vb 40 

M07FF+ > ' X07FF+ 

366 B9 J [l2e]CLXTR- 355 


SSL X07EM-I- 

[l2e]EIIXTS+ — 365 Dl . 



AlO X 
M07 FF+b\ 
373 Z^J 


[129] EDPTS+ g^365 A^ 


[|42] CLPhP- — P07FF- b > [|42]CLPMP- — 

[ 129 ] CLPTR- 5^ 365 [129]CLYTR- ^ 



PROJECT NO. 55202 



HONEYWELL 

COMPUTER CONTROU DIVISION 


DR. D. HAMEL 


ENG.K. XZBICKI 
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I<l < < < 


B 


C 




D 233 SOBRS+B 

[I071E07FF+ — 


[123] SDARS-i- 

[107] D07FF-(- ^ 


[|2B] $RSTL+ 
[108] AOBFF-t- 


[127] EASTL+ 
AOBFF+ 


[l28] EXSTL-i- 
X09FF+ 


[ 127 ] EMSU.4- 
MO^F- 


[!27] EIISLL+ 
M09FF4- 


[|28]EPSI.L-1- 

P09FF- 


[l28]EtSLt+ 

Y09FF- 



THIS FT. IS 6N0. WITH NO DMC OPTION 
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C26 

[l28] SRSTL+ — SRI3D- 
[lia] AI2FF+ ^i|366 01 


[l27] EASTL-I- ^^EAISO- 
AISFF+ S^iJsss 02, 


A03 



A03 ^ 

3«6 Q\/ 



365 15 y 



AOS \ ' — A03 

[127] EMS(.L+ — EIII30- pS^ I HI3PA- 

MI3FF- ^ 365 [l27] JAMMI- F 365 17 


A03 ^ 

[|27] EMSLL+ — EHI30- 
III3FF+ —365 05, 


>B26i HI3D<H- 


Bsjtpran. Vb25 


[126] EPSLL-F H^EPI3D- 
PI3FF- 1365 06, 


A03 

[128] EYSLL+ — EY13 D- 
YI3FF- flS 3» 07 











































<\< << 



4-16 



















a<l<l <l< 



[|27] EMSLL-I- 
III5FF- 


[|27]eMSLL+ — EMI50- 
mSFF-t- ®^36S 75, 


tl28l EFSLL+ SLIePISD- 
PI5FF— ^3S6 76. 


[l2e]EYSU.+ — EYISD- 
YI6FF- 802:1365 77. 


.CIS I HI5DJ+ 


[14^ SOKIS- 
[l25] CUOTR- 



[129] EDPTS+ 


< A03 

[142] CLPMP- — PI5FF- 
[l29] CLPTR- 365 


[135] XYBI5+ AOS ^ 
[KS] E1YLS+ — YI5EI— 


HONEYWELL 

I N C. 

COMPUTER CONTROL. DIVISION 
Old Conn«cticut Path. Framingham. Mass 


DR. D. HAMEL 

OATEII-26-6* 

ENaK. IZBICKI 

. 1 ^ 11-26-68 


A 'y-Z-S 9 


I PROJECfItO. ^^55202 


TITLE 

H-3i6 

COLUMN No. 15 


SIZE I DUVGNO. 

C 70024499 
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LB.D. NO. 

0.1 17 



hi 


h2 


h3 


r4 


r5 


h7 


h8 


h9 


■10 


hll 


hl2 


notes: 

A THESE PTS. 
THESE PTS 

A 

A 


ARE FL0ATIM6. THIS IS DUE TO THE DOUBLE USAGE OF CC365 
ARE TIED TO THEIR PAC GROUNDS. THIS IS DUE TO THE DOUBLE USAGE OF CC365. 


a 
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